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PHILADELPHIA PA 
- : From the Laboratory of Experimental Pathology of the University of Pennsylvania 
School of Medicine 
re PyropIN (acetylphenylhydrazin) was brought to the attention of 
the medical profession in the last decade of the nineteenth century 
it 


d b ind its therapeutic action as an antipyretic was rather highly 
2 recommended. A number of physicians noticed, however, that, 
iIthough it reduced fever in their patients, a very marked degree 


"4 KprrortaL Notre.—This and the following 4 papers were presented at the 23d 

<» ; ial meeting of the Undergraduate Medical Association of the University of 

d, svlvania, based on work performed by the student authors read at that time 

ng the free and elective hours of their curriculum. Three of the other 8 articles 

a Anaphylactic Response of the Nongravid Uterus of the Unanesthetized 

a by G. L. Weinstein, “33; “The Progress of Undergraduate Research in 

al lical Schools” (third study) by M. P. Foley, °31, and J. N. Marquis, '31; and 

he x the Use of Cesium Tetraiodophenolphthalein in Choleeystography,”’ by Julian 
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sh the other two, in Science and the American Journal of Physiology, respec- 

Not only are these 8 articles well worth publication for their intrinsic merit, 

~ ilso it is thought that the appearance of the 5 asa group will give some deserved 

ES rnition to work done often under considerable difficulty and presented under 

6) mstances which are believed to be unique mn the medical schools of this country. 
E. B. K. 
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of anemia resulted from its administration. For this reason the 
compound fell into disrepute and little was heard of it for a matter 
of 15 to 20 years, except for its use by a few investigators for the 
study of experimental anemia in animals. Within the past 20 
years, however, the phenylhydrazin derivatives have come into 
vogue for the treatment of plethoric conditions, most particularly 
polycythemia vera, the hydrochlorid being the most used drug of 
the group. 

Since Krumbhaar! (1929), in a study of experimental anemia 
produced by pyrodin, noted the appearance of round, refractile, 
eosinophilic bodies within erythrocytes, falling in the group of the 
so-called Heinz-Ehrlich bodies (hemoglobinimische Innenkoérper, 
Glasskérper), the hemotoxic action of the phenylhydrazin group 
has been the source of interest in this laboratory. 

The literature holds a number of observations of these “ Innen- 
kérper.”’ They occur only in severe toxic anemias, notably those 
induced by exotoxins, such as phenylhydrazin derivatives, toluyl- 
endiamin, anilin dyes, potassium chlorate, nitrobenzol, pyrogallic 
acid and others. Recently Zadek and Burg? (1930) reported a 
series of 3 cases in which these pathologic forms were observed in 
the blood. 

No completely satisfactory work has been done to demonstrate 
the exact mechanism of the formation of these bodies, in an attempt 
to explain the hemolytic action of the agents producing them. 
Some authors have thought of a nuclear origin, others a mitochon- 
drial (on account of their reaction to Janus green); Schilling® states 
definitely “Alle diese Koérper sind nicht karyogen, sondern archo- 
plasmatisch,”’ but attempts to establish a structural basis for them 
in the “capsular body” and “ microcenter” of his anatomic scheme 
of the erythrocyte. As will be shown later, our work in vitro 
confirms the former statement, but fails to show ground for the 
latter. 

Waddell, Wolff and Lanou,* (1930), working in this laboratory, 
presented evidence to show that pyrodin acted directly on the 
mature red blood cell, and suggested that a reaction between the 
drug and hemoglobin took place within the cell. This reaction 
resulted in the formation of small, dense, refractile aggregations of 
an insoluble methemoglobin-like compound. (Fig. 1.)* As the 
action of the drug on the individual cell persisted, these intracellular 
bodies grew somewhat larger and the cell outline remained as a 
ghost, finally completely disintegrating and leaving the bodies free 
in the blood stream, whence they were phagocytized by cells of 
the reticuloendothelial system. They noted, too, the avidity of 


* Previous workers, considering the question from a chemical aspect, have show: 


that the phenylhydrazin compounds are strong reducing agents and split the hemo 
globin into its pigment and protein fractions. The basic drug becomes oxidized 
setting free a benzol ring which is the active agent in blood destruction 
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these latter cells for erythrocytes, both \ isibly intact and in various 


stages of degeneration. They were able to reproduce the intra- 
cellular bodies by the action of ps rodin on dog blood in vitro, but 
TABLE 1 FiInpiInas IN Pyropin 
Ke | hvdr. H¢ 
I) dos 
N \ J No. 4 N 
R BB nom | ( 7 09 26 14 ( 5 
Hemoglobin 97 9] 1 1.02 
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31 \ 
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Hemoglobin 77 65 79 72 
RB ¢ in mi ( 2s 14 79 62 
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of each drug subcutaneously D) 3 en of each drug subcut neously 


1 ce. of Pyrodin subcutaneously F) 4 ec. of Phenylhydrazin hydrochlorid 


ineously 


rhe other rabbit in this subgroup became unsuitable for continued testing 


! not observe the reaction during its course, merely noting the 
| results in stained smears. 
Experiments. ‘The work reported here was planned to confirm 
d further the latter studies. The action of both pyrodin and 
envlhydrazin hyvdrochlorid has been observed on the blood and 
iolytopoietic system of the dog and rabbit, and, in addition, 
r effect on the dog and human erythrocyte has been studied in 
ging-drop preparations, so that the reaction has been followed 
n beginning to end. 
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Six rabbits composed the first experimental group. These were 
subdivided into three groups of two. ‘To the first of the subgroups, 
pyrodin of Eastman make was administered subcutaneously, begin- 
ning with a dose of } ce. of a 1 per cent solution; to the second, 
pyrodin of Eimer and Amend make was given similarly in the same 
dose; to the third group, phenylhydrazin hydrochlorid was given, 
using the same dose and like technique. Anemia was to be pro- 
longed, so that successive doses of the drugs were necessarily in- 
creased, as an acquired tolerance was rapidly established in each 
case. The later doses are indicated in Table 1. 

Two dogs constituted the second group, to each of which were 
given 2 cc. of a 2 per cent solution of pyrodin (Eimer and Amend) 
per kilogram of body weight, subcutaneously. This was repeated 
2 days later, and the blood of the animals was studied throughout 
the consequent anemic period until the counts returned to normal. 
After a short interval one of the dogs received a second course of the 
drug to demonstrate acquired tolerance, if present. The appended 
tables show the course of the blood determinations. 

Action on the Blood. ablit. In these animals anemia appeared 
on the second day following injection and reached its maximum on 
the third day. Without further injection the counts rose from this 
point. Succeeding administration of the drugs before the blood 
counts rose produced a progressively increasing anemia. A striking 
tolerance was noted. It was necessary to increase the dosage with 
each injection in order that the downhill trend in the blood counts 
might be maintained; for example, in the case of pyrodin, the first 
injection in 1 rabbit was } cc. of a ? per cent solution and was 
followed by a drop in the red cell count of about 3.8 million and 32 
per cent hemoglobin, while in the same animal the fifth injection 
with 8 times that amount resulted in a drop of but 420,000 red cells 
and 7 per cent hemoglobin. 

The effect of both drugs was essentially the same, the pyrodin, 
however, proving the more potent. Using the average counts, the 
latter drug produced in rabbits a diminution of the red cell count 
from 6 to 2.1 million on the eleventh day, while the rabbits receiving 
the same dosage of phenylhydrazin hydrochlorid had an average 
count of 3.3 million on the eleventh day. 

Stained smears of the blood were made daily to determine the 
condition of the individual erythrocytes. There seemed to be no 
striking difference in the red cells of any of the groups. In each 
case the erythrocytes showed a “ motheaten”’ and vacuolated appear- 
ance on the third day after the first injection. The round, refractile, 
darkly staining intracellular bodies, the so-called “inner bodies,” 
appeared the following day, at which time the red count varied 
between 3 and 4 million. Anisocytosis, poikilocytosis and poly- 
chromatophilia and an occasional nucleated red cell were noted at 
this time. These latter changes, indicating the outpouring of young 
cells from an overactive bone marrow, were present throughout the 
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anemic period, the erythroblastic forms increasing in number as the 
anemia proceeded. At the end of 2 weeks, when the erythrocyte 
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moglobin is expressed as 1.0 equaling 100 per cent Sabli. 
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counts averaged slightly over 2 million and the hemoglobin 40 per 
cent, injections of the drugs were discontinued, and 2 days later, 
when the counts in each case showed a beginning recovery, autopsies 
were performed on all the animals except No. 4. The tissues from 
lung, liver, spleen, lymph node, adrenal, kidney and femoral bone 
marrow were removed, fixed in Zenker-formol, sectioned and examined. 
The surviving animal was maintained in an anemic state for 4 more 
weeks before autopsy was performed. 

Dog. The range of the erythrocyte and hemoglobin values is 
shown in Table 2. From a normal of 8.7 million and 11S per cent, 
Dog 1 showed a fall to 1.9 million and 32 per cent on the tenth day. 
Similarly Dog 2 dropped from 7.5 million and 95 per cent to 1.7 
million and 30 per cent on the ninth day. The second week after 
injection showed both animals maintaining erythrocyte counts of 
between 2 and 3 million, after which the blood picture improved, 
and at the end of 3 weeks each showed a count of over 5 million 
and appeared perfectly healthy. After a rest period of 1 week 1 of 
the dogs was subjected to a second series of injections of py rodin. 
The dosage which had produced previously such a profound anemia 
in this dog now was far less potent. The red cell count dropped to 
but add million and the hemoglobin to 50 per cent, the animal 
showing no objective symptoms of anemia. ‘This is regarded as 
striking proof of a rapidly acquired tolerance to pyrodin. 

The daily blood smears showed changes similar to those described 
for the rabbits, the intracellular bodies appearing even more clear- 
cut in the dog blood, as shown in Fig. 1. They persisted until the 
blood counts approached normal, becoming gradually less in number 
as recovery proceeded. More detailed description of these bodies 
will be given in the account of the studies in vitro, 

Action on the Hemopoietic System. /tablit. lig. 2 is typical of 
the diffuse hyperplasia seen in the bone marrow of all of the animals. 
Practically all of the fat has been replaced by hemopoietic elements. 
Cells of the erythroblastic type are far in excess of those of the 
granulocytic series—the ratio being approximately 10 to 1. The 
other tissues removed at autopsy were carefully searched for evidence 
of myeloid metaplasia and positive finds were made in several 
instances. Fig. 3 showed a sharply circumscribed area of metaplasia 
in the adrenal cortex. In another case the metaplastic focus was 
more diffuse. In both of these areas erythroblasts of early and 
late forms and young granulocytes were found. The spleens of 
several of the rabbits showed similar areas of myeloid metaplasia of 
rather diffuse character. The cells of these latter blood-forming 
islands were confined to the erythroblastic type. (Fig. 4.) The liver 
of 1 of the animals showed a number of megakaryocytes scattered 
singly throughout the section. Their position in the sinusoids sug- 
gested metaplasia rather than colonization from the blood stream. 
(Fig. 5.) The young forms of blood cells, both medullary and extra- 
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medullary, showed no evidences of degenerative effect from the 
hemolytic agent. 

Dog. Through the medium of repeated biopsy of the femoral 
bone marrow, Waddell, Wolff and Lanou demonstrated the rapid 
and progre ssive hyperplasia of this tissue in the face of increasing 
anemia, beginning at the margin of the myeloid cavity and extending 
toward the center, until the normal fat of the marrow had been 
practicalls completely replaced by hemopoietic tissue. Careful 
examination of the cellular elements showed no evidence of degen- 
eration, indicating that the pyrodin did not injure the blood-forming 
organs per se. Their work and results were so clear cut that it 
was not felt necessary to repeat this phase. 

Action on the Hemolytic System. alblit. ‘The sections from all 
the organs showed a marked response of the cells of this system, 
especially in the bone marrow and spleen. The so-called reticular 
cells of the former tissue were markedly increased in number and 
were filled with both blood pigment and red blood cells in various 
stages of degeneration. The spleen showed a great hyperplasia of 
reticuloendothelial cells, and in each case contained a massive 
amount of hemosiderin, both intracellularly and extracellularly. 
The lymph nodes and liver presented a similar picture, but to a 
lesser degree. 

Dog. Phagocytosis of degenerated red cells and blood pigment 
in a similar fashion has been demonstrated by Waddell, Wolff 
and Lanou. 

Action on the Parenchyma of Viscera. A distinct toxic action of 
these drugs was observed on the parenchymal elements of the 
various viscera, particularly marked in the liver and kidney. Fig. 5 
illustrates the tremendous degeneration of the liver cells which 
follows the repeated administration of the phenylhydrazin deriva- 
tives. The kidney showed degenerative changes in both glomeruli 
ind tubular epithelium, and in 1 case a quite pronounced round- 
cell infiltration. These observations suggest cautious administra- 
tion of the drugs therapeutically , 

Action in Vitro. Dog and Human Blood. Previous experimenta- 
tion has shown that the end result of the action of pyrodin on the 
erythrocyte in vivo and in vitro is quite the same. The experiments 

oted here were designed to demonstrate this reaction step by step 

vitro, so that the exact hemotoxic mechanism might be better 

inderstood. It was soon found that the dog and human erythro- 

yte reacted identically; hence, no attempt is made to report indi- 

idual experiments. The evidence presented is a compend of the 

ensemble gained from study of many preparations of both types, 
eS human blood cells hav ing been used in most cases. 

Weak dilutions of erythrocytes suspended in an isotonic saline 

ution were mixed in a red blood cell pipette with various dilutions 

pyrodin, and hanging-drop preparations were made, sealed and 
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examined, using the oil-immersion objective. These preliminary 
measures were carried out to determine at what concentration the 
reaction was sufficiently gradual to permit observation under the 
microscope. When this optimum point was found (equal parts of 
a 1 to 100 dilution of red blood cells in physiologic salt solution and 
a 1 per cent solution of pyrodin, (Eimer and Amend)) the findings 
noted below were seen. It had been thought that vital staining 
with brilliant cresyl blue would facilitate the observations, due to 
a preferential affinity for the “inner bodies.”’ It was found, how- 
ever, that the reaction could be followed with as much ease in the 
unstained preparations; hence this procedure was discarded. 

Primarily there is a slight crenation of the erythrocyte until the 
drug enters the cell. Within a minute, however, osmotic equilibrium 
is established and the normal round cell-contour returns. Next, 
an opaque shadow appears within the erythrocyte, occupying 
about } of the flat surface area, irregular in shape and having a 
rather hazy outline. This shadow-like body becomes sharper of out- 
line, more opaque and smaller (to about } the diameter of the 
cell), then increases in translucency and refractility, finally looking 
almost vacuole-like. A given cell may contain 1 or more of these 
seeming vacuoles. Cell A in Fig. 6 contains 3 such structures and 
suggestions of 4 more. ‘These “ vacuoles’’ move about freely within 
the cell but never escape beyond the limiting cell membrane. 
Further observation often shows a fusion of the “vacuoles” and 
always a slow fading of the color of the erythrocyte, through the 
stages of Cells B, C and D in Fig. 6. The latter is the so-called 
“ghost cell,’ consisting of a persisting cell membrane, and within 
its circumference the “inner body” and otherwise invisible material. 
Ghost cells are seen frequently in contact with an adjacent cell at 
the point where the inner body is attached (as Cell C to Cell A in 
Fig. 6), probably a surface-tension phenomenon. It is for this 
reason that previous observers, from the study of stained smears, 
have conceived the idea that these bodies are merely fragments of 
erythrocytes destroyed by the drug through rhexis, attached to 
intact cells and that they are not formed intracellularly. Fig. 6 
in itself disproves this idea. Finally, the persisting cell membrane 
of the ghost cell completely disintegrates and the inner bodies are 
left free in the suspension. 

Summary and Conclusions. 1. Acetylphenylhydrazin and phenyl- 
hydrazin hydrochlorid each produce profound anemia when injected 
subcutaneously into experimental animals, the action being identical 
in the dog and rabbit. 

2. Acetylphenylhydrazin is more potent than the hydrochlorid in 
its anemia-producing effect. 

3. A marked tolerance to each drug is rapidly acquired by the 
animals. 
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t. Both drugs are toxic, in that they produce degenerative ¢ hanges 
in the parenchyma of the viscera, extremely pronounced in the liver 
and kidney. 

Neither drug rroduces visible degenerative changes in 
ture blood cells. There is a rapid and extreme hyperplasia of the 
bone marrow, and in some cases an appearance of myeloid meta- 
plasia in the adrenal, spleen and liver. 

6. There is marked activity of the hemolytic system, character- 
ized by hyperplasia of reticular and sinusoidal endothelial cells and 
pronounced phagocytosis ot degenerated erythro ytes and blood 
pigment by these elements. 

7. Dense refractile bodies appear within the er’ thro Vtes Con- 
comitant with the appearance of the anemia and are present 
throughout its course. 

S. These intracellular bodies are formed within the « ry thro Vte 
There is an apparent primary condensation reaction between the 
drug and hemoglobin, followed by formation of semifluid bodies 
Which fuse and become semisolid, concomitant with a fading of 
hemoglobin within the cell. The cell membrane is the last structure 
to undergo disintegration, finally leaving the “inner body” free in 


the blood stream. 
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CaTTLE blood plasma, as is well known, upon coagulation forms 
lense, white clot, which is very opaque. In sterilizing blood plasma 
means of ultraviolet light, one of us (Vogelaar) observed that 


\ portion of this paper was presented by the junior author at the Twenty-thir« 
ial Meeting of the Undergraduate Medical Association for which it received 
John G. Clark Founder's Prize 


AND 
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citrated blood plasma, irradiated for several hours with ultraviolet 
light, forms a transparent clot upon the addition of a solution con- 
taining calcium chloride. 

The mechanism of the clotting process in normal mammalian blood 
as revealed by the ultramicroscope has been studied by Hekma,' 
Howell,’ Stiibel,? and many others. They all agree that during 
coagulation a large number of sharply defined fibrin needles appear 
and form an irregular meshwork. Hekma, in particular, has demon- 
strated that the fibrin needles are made up by the aggregation of 
smaller units which he has called elongated points (liingliche 
Punkte). According to this author, the fibrin needles and threads 
occasionally appear spontaneously in the fluid without any indica- 
tion of their formation by the previous aggregation of smaller par- 
ticles. In the majority of cases, however, the elongated points 
(liingliche Punkte) form the fibrin needles and these, in their turn, 
the fibrin threads. The fibrin needles can arrange themselves side 
by side or end on end and these two processes explain the increase 
of the fibrin threads in width and length 

Methods. Blood was obtained at the slaughter house from animals 
(bovine) killed by bleeding from the neck. Twenty ec. of an 8.3 
per cent sodium citrate solution were added to 500 cc. of blood to 
prevent coagulation. ‘lo secure plasma, 100-cc. samples of the blood 
were centrifuged for one-half hour at a speed of approximately 
3000 revolutions per minute and a radius of 19.5 em. One half cc. 
amounts of this plasma were pipetted into small glass tubes (2.5 cm. 
high; 1 em. in diameter) and covered with a quartz plate in order 
to prevent evaporation of the plasma. The tubes were placed 
directly beneath a ‘“Hanovia Sun Alpine lamp” (table model) so 
that the mercury are was 32.5 cm. above the plasma. Irradiation 
was carried out at room temperature over a period of 4 hours. 
Several of the tubes were removed every hour, so that samples of 
plasma were obtained which had been irradiated with ultraviolet 
light for 1, 2, 3, and 4 hours. 

A series of 5 pyrex test tubes, each containing 0.5 ec. of Calcium 
Ringer solution* was next prepared. ‘To the first test tube was 
added 0.5 cc. of normal cattle plasma and this was used as a control 
tube. To the other 4 tubes was added 0.5 cc. of plasma irradiated 
respectively for 1, 2, 3, and 4 hours. The contents of these tubes 
were thoroughly mixed and allowed to clot. 

Fig. 1 shows the results of this experiment. It may be seen that 
the clot in the control tube (7.e. test tube No. 1) is very opaque, 
whereas the clot of the plasma irradiated for 4 hours with ultra- 
violet light is quite transparent (cf. test tube No. 5). It may also 
be observed that there is a gradual, but marked increase in th 
transparency of the clots proportional to the increase in irradiation 


Calcium Ringer solution contains per 100 ec. of H2O: 0.95 gm. NaCl, 0.2 gm 
KCl, 3.6 gm. CaCle. 
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time. ‘This effect was found experimentally to reach a maximum 
at 4 hours’ irradiation and after that time (up to 12 hours’ irradia- 
tion) no further visible changes occurred in the clots. 

The plasma was then examined through the ultramicroscope, 
using the test-tube experiments to control the microscopic observa- 
tions. Plasma was prepared according to the described method 
and a drop of the mixture placed in a dark-field chamber (Leitz) 
and allowed to clot. This chamber is constructed on the same prin- 
ciple as a blood-counting chamber so that a uniform depth is always 
obtained. The chamber was cleaned with soap and water, stored in 
cleaning solution for 24 hours and washed in water, alcohol and 
ether. Immediately before using it was coated with collodion, 
which was allowed to dry and was then stripped off. This procedure 
gave a nearly optically empty glass surface. Further details as to 
cleaning glassware may be found in Gage’s article.‘ 

An optical bench equipped with a 30-ampére direct current carbon 
are lamp was used. The microscope was fitted with the special 
dark-field apparatus designed by Spierer.* In making the photo- 
graphs a Leitz Makam camera was used in conjunction with Eastman 
3 photographic plates. 

Observations. ‘The dark-field picture of blood plasma is remark- 
able. A great mass of highly refractile, white fibrin needles dis- 
tributed in a uniform manner are visible, while scattered about are 
numerous bright centers of more closely packed needles. The 
individual needles are clear-cut, brilliant and distinct. In the spaces 
between the needles, bright particles are seen dancing about in 
active Brownian movement, while still others are entangled and 
are either motionless or only slightly vibrating. These are the chylo- 
microns of Gage and Fish,’ the significance of which has been dis- 
cussed by these authors and by Ludlum and his coworkers.* Fig. 2 

hows a clot obtained from untreated blood plasma. Fig. 3 repre- 
ents plasma which has been irradiated with ultraviolet light for 1 
hour. There is very little difference between this picture and that 
of untreated plasma. In Fig. 3a, several of the so-called centers 
f fibrin formation are shown. 

In the sample of plasma which has been irradiated for 2 hours, 
however, the first changes brought about by the ultraviolet light 
ire seen. The microscopic field presents a rather dense, uniform 
fibrin formation with the usual centers, somewhat similar to that 
bserved in the untreated and |-hour samples. Closer observation 
{ the fibrin needles discloses several changes, the most outstanding 
' which is the decrease in distinctness and brilliancy. The needles 
ive lost their clear-cut outlines and appear as hazy structures. 
\lso conspicuous is the tendency of the needles to assume a thread- 
ke appearance with a slight wavering of the needle outline. 

The sample of plasma irradiated for 3 hours and reproduced in 
g. 4, shows a progressive intensification of the changes previously 
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described. There is a dull and indistinct fibrin network with the 
delicate thread-like needles forming a more or less coarse cloth. 

There is a marked difference between the clot obtained from 
untreated plasma and that from plasma irradiated for 4 hours with 
ultraviolet light. In Fig. 5, no fibrin needles can be seen, and the 
plasma clot appears as a gelatinous mass. That there is a clot, 
however, may be demonstrated in various ways. The characteristic 
clot structure may be observed under the low power of an ordinary 
microscope, or again one can lift the clot out of the dark-field 
chamber. 

In these experiments, a gradual change was observed from the 
distinct, brilliant needles of the untreated plasma clot through 
stages of increasing dullness, blurring of the needle outlines, and 
the assumption of an almost thread-like appearance, to the final 
stage after 4 hours’ irradiation, where no fibrin needles were visible 
and the clot was optically structureless. 

Discussion. ‘hese observations were repeated in a series of 52 
experiments and the changes described were constant. An inter- 
esting fact was brought out by comparing the test-tube clots with 
the microscopic pictures. The change in transparency in the test- 
tube clots took place gradually, regularly and apparently in propor- 
tion to the time of irradiation. ‘Thus up to t hours’ exposure, the 
greater the irradiation time the greater is the increase in the trans- 
parency of the clot. In 17 experiments, the microscopic pictures 
showed little change until the end of 3 hours’ irrac ation after which 
time there was a rather sudden alteration in the appearance of the 
fibrin needles. ‘Table 1 illustrates this. 


TABLE 1 CORRELATION OF Macroscopic AND Microscopic OBSERVATIONS, 
I 
( 

l 17 | 

2 1S I 

3 = 19 I 

4 20 

5 21 I 

6 x 22 I 

7 r 23 I 

S = 24 I 

20 r 

11 27 I 

12 4 ? 28 I 

29 I 

14 OT 4 0 | 

15 ? I 

16 T 32 

T transparent clot; O opaque clot absence of fibrin needles in dark 
field pictures; t presence ol fibrin needles in dark-field pl tures; ° no data 


available. 


| 
| 
| : | 
| 
| | 
| | 
| 
| 
| l st tubes showing } rare n transparency team 
1 plasma progressively irradiated by ultraviolet light N 1 tube contre nd 
| é Photom rograpl f norm blood plasma clot 
ot of blood plasma pre irradiated tor 1 hour 


Fic. 3a.— Photomicrograph of a clot of blood plasma previously irradiated for 1 hour 


with ultraviolet light and showing centers of fibrin formation 

Fic. 4.— Photomicrograph of a clot of blood plasma previously irradiated for 3 hours 
with ultraviolet light. 

Fic. 5.— Photomicrograph of a clot of blood plasma previously irradiated for 4 hours 


with ultraviolet light. 
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The influence of ultraviolet light on blood plasma is not clearly 
understood at present, but the following explanation of our observa- 
tions is suggested. The opacity of the clot obtained from the un- 
treated plasma depends upon the fact that it is a heterogeneous 
ystem, the different phases of which have different indices of refrac- 
tion. It is this ditference in refractive index between the fibrin 
needles and the serum whi h makes the needles visible. A change 
in the index of refraction of the different parts ot any heterogeneous 
yvstem may have a great influence on the transparency of the whole 
ystem (ef. the Spalteholz method of preparing transparent bone 
pecimens . Such a change Inay occur in our experiments. Thus 
the fibrin precursor fibrinogen ot the plasma may he so altered 
under the influence of ultraviolet light that, upon forming fibrin, it 
takes up an excess quantity of water. The result of this process is a 
change in the index of refraction of both the fibrin and the continuous 
phase (serum), so that the transparency of the system as a whole is 
increased. It will be readily understood, that when the indices of 
refraction ol both phases have become equal a maximum degree 
of transparency is reached. Assuming that under the influence of 
ultraviolet light the above mentioned changes occur, the system may 
change to the opaque state when irradiated for a longer time than is 
necessary to secure an entirely transparent clot. This will, of course, 
happen when the index of refraction of the fibrin needles becomes 
lower than that of the serum. In this case, the reaction will give 
an optimum degree of transparency after a certain length of time. 
\ longer or shorter treatment will result in a clot that is less trans- 
parent. It was in only two instances, however, that the clot seemed 
to become less transparent with an increase in the irradiation time. 
In all other cases a maximum degree of transparency Was obtained 
iter 4 or 5 hours of treatment and longer exposure to the ultra- 
olet rays resulted in no further apparent changes. 

Summary. |. There is a gradual increase in the transparency 
la clot formed by cal ify Ing citrated blood plasma which has been 
rradiated with ultraviolet light from 1 to 4 hours. 

Z These changes have been demonstrated both macroscopically 
microscopically. 

The suggestion is made that they are due to an imbibition of 
iter by the fibrinogen when it forms fibrin. This process results in 
| alteration of the index of refraction of the different parts of the 

tem with a consequent effect on the transparency of the system. 
We take pleasure in expressing our thanks to Prof. William Seifriz for his 
nd to Miss Helen Brevoort for technical assistance. 
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THE BLOOD SUGAR RESPONSE TO EPINEPHRIN IN THYROID- 
FED ANIMALS.* 


By A. ABBOTT, 
F. W. Van Buskirk, A.B., 


From the Department of Pathology of University of Pennsylvania Medical School 


Burn and Marks! have reported that when rabbits are fed thyroid 
preparations there is at first an increased hyperglycemic response 
to epinephrin injections, and at this period of thy roid feeding there 
was found on chemical determination to be no decrease in the 
glycogen content of the liver. Later in thyroid feeding there 
resulted a greatly decreased hyperglycemic response to epinephrin, 
and at this time there was a marked depletion of liver glycogen 
Marks," in a later study primarily concerned with the effect of 
glucose injections in thyroid-fed rabbits made the statement that 
“The injection of 0.5 mg. adrenalin into a rabbit in the advanced 
stage of thyroid feeding usually by itself brings on a fatal hypo- 
glycemia in a short time. Whether or not this is preceded by a 
detectable hyperglycemia depends on the completeness with which 
the glycogen reserves have been exhausted.”’ 

This fall in blood sugar after epinephrin when the liver glycogen 
is decreased is a phenomenon of considerable theoretical interest. 
The first question that arises is whether this hypoglycemia may be 
due to the stimulation of the islands of Langerhans. Would this 
hypoglycemia occur after the removal of the pancreas in an “ acute”’ 
experiment under amytal anesthesia? 

It was to answer this question that the following experiments were 
carried out. The rabbit, being an unsuitable animal for pancreatec- 
tomy, it was thought advisable to use the dog. However, before 
experiments were begun on the dog the experiments of Burn and 
Marks, and Marks were repeated in 1 rabbit to secure the proper 
control of experimental conditions. 


* Presented at the Twenty-third Annual Meeting of the Undergraduate Medica 
Association of the University of Pennsylvania, May 1, 1931. 
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It is to be emphasized that our experiments are concerned with 
the late stages of excessive thyroid feeding. It is well known that 
thyroid feeding in animals increases the sensitiveness of the sym- 
pathetic nervous system and greatly increases the various effects of 
epinephrin. As a result, it is to be expected that so long as there is 
abundant liver glycogen, there will be increased glycogenolysis 
resulting from epinephrin injections and increased hyperglycemia. 
It was only after prolonged thyroid feeding in rabbits that Burn 
and Marks found the liver glycogen reduced and an absence of 
epinephrin hyperglycemia, and our attempts to produce such a 
state in other animals are recorded in the following experiments. 

Experimental Procedure. ‘The desiccated thyroid used repre- 
sented five times its weight of fresh thyroid gland. The epinephrin 
used was the 1 to 1000 solution of adrenalin chlorid of Parke, 
Davis & Co. Blood sugar determinations were made by the Jensen 
and Hagedorn method. The animals were fed the normal diet on the 
afternoon of each day. No food was given on the day that a blood 
sugar curve was carried out. Amytal anesthesia was used in some 
of the experiments, as indicated in the protocols. 


RaBBiT 
Date kilos 
Oct. 17, 1930 Curve A epinephrin, 0.45 ec. intravenously 
Oct. 17 2.78 0.2 
Oct. 20 2.52 0.2 
Oct. 21 64 
et 22 0.2 
Oct. 23 epinephrin, 0.4 « intravenously 
25 
Oct. 24 2.42 
Oct 27 0 2 
Oet 2 40 
Oct 0.2 
Oct. 30 Curve B: epinephrin, 0.4 cc. intravenously 
Oct. 30 2 16 
31 QO. 
Nov. l 2o 
Nov. 3 2.14 Ue | 
Nov. 16 0.2 
Nov 5 OO 0.2 
Nov. 6 Curve ( epinephrin, 0.4 cc. intravenously 
Nov. ob 1 SO Died 


Curves A, B and C (Chart I) show a progressive decrease in the 
perglycemic response to the injection of epinephrin, which sug- 

gests a gradual diminution in the amount of liver glycogen, on the 
asis of Burn and Marks’ work. Curve C shows an actual fall 
ther than a rise in blood sugar. The animal passed into a mori- 
nd state. Intravenous injection of glucose was given in an 
itempt to save the animal, but it immediately became convulsive. 
was killed with ether. The data are summarized in Table 1. 
Epinephrin caused an increase in the rate of respiration and 
‘ostration, and although asphyxia probably complicated the last 
irve C no rise in blood sugar occurred. 
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Having thus reproduced the results of Burn and Marks. and 
Marks, the same procedure of thyroid feeding and epinephrin blood 
ugar curves was carried out in dogs. The results follow: 

Dog 1 (No. 414). In this dog amytal anesthesia was used in 
all curves except in Curve B, which was performed as a test for a 
suitable dosage of epinephrin. The epinephrin was injected either 
ubcutaneously or intravenously and is indicated as such. 


Doe 1. 
Body weight I} 
I) 
Der (Curve A imytal, 0.56 gm 
epiney hrin O.5 Intra 
Dec. 11 S.5 
Dec. 1] Curve epinephrin, 2.0 ec. subeutane 
12 
14 
15 } 
I) 17 
1) Is SoS 
S.6 
Der ) 
23 
1 24 
De l 8.2 
Jaa 2, 1931 S.4 
Jan 6 Excitable and very ner is 7) 
lar q ) 
Jan. 10 Curve (¢ imytal, 0.546 gm 
epiney hrin, 1.5 cc. subcutane Isly 
Jey 10 S.4 7 
lan. 12 5.2 7 
la 13 7 
15 7 
1. 16 7 
lan. 17 Curve D: amytal, 0.546 gm 
epinephrin, 1.5 cc. subcutaneously 
17 9.0 
i 10 7 
2) 7 
21 7 
Jar 99 10 
il 23 10 
in. 24 Curve E: amytal, 0.611 gm. 
epinephrin, 0.5 ec. intraveno Isly 
0.5 ce. subcutaneously 
lan. 24 9.4 10 
26 
n, 27 
I 28 20 
29 
n. 30 
n. 31 Curve F: amytal, 0.57 gm. 


epinephrin, 0.5 cc. intravenously 
in, 3] 
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In Chart II each curve shows a fairly marked rise in blood sugar, 
but the response becomes less with the increase in the amount of 
thy roid ingested. The least response, however, still shows a distinct 
rise. Curves A and F represent the response to identical doses 
intravenously. Curves B, C and I) indicate the reactions to sub- 
cutaneous injections; B is a curve before thyroid feeding was begun, 
and shows an extreme and prolonged rise in blood sugar; D, after 
120 gm. of thyroid, shows a prolonged gradual rise in blood sugar. 
Curve C is a peculiar response; there is an initial rise, but it is 


I 
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B / 

7. / 
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A, December 4, 1930, 0.5 ec., Adrenalin 1 to 1000, Intravenously, Amytal Anesthes 
3, December 11, 1930, 2.0 ce., Adrenalin 1 to 1000, Subcutaneously 

>, January 10, 1931, 1.5 ec., Adrenalin 1 to 1000, Subcutaneously, Amytal Anest 

D, January 17, 1931, 1.5 ec., Adrenalin 1 to 1000, Subcutaneously, Amytal Anestl 
0.5 ce., Adrenalin 1 to 1000 Subcutaneously 
E, January 24, 1931, 0.5 ec,. Adrenalin 1 to 1000 Intravenously Amytal Anes 
F, January 31, 1931, 0.5 ec., Adrenalin 1 to 1000, Intravenously, Amytal Anesthes 


Cuart II Blood sugar curves after epinephrin injection in Dog 1 before and aft 
thyroid feeding 


suddenly interrupted by a sharp drop from 173 to 47 mg. It 
remained between 47 and 63 mg. for a period of almost 2 hour 
and then suddenly rose to a value of 203 mg. How much signifi 
cance is to be attached to this curve is difficult to say, for it neve 
occurred in any of the other experiments. ‘The initial rise show 
that the liver was still capable of responding to the epinephri: 
The initial blood sugars varied for all of these curves between 10 
and 155 mg. of blood sugar. For this we have no explanatio1 
but varying blood sugar levels are common findings in hype: 
thyroidism. ‘Table 1 summarizes the data. 
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In Curves C, D, E and F there was probably edema of the lungs, 
as there was a certain amount of frothing and difficulty in respira- 
tion. This was probably due to the increased sensitiveness to 
adrenalin in the hyperthyroid state. The dog was in good condi- 
tion following the experiment but was cyanotic at times during the 
experiment. 


Dog 2 
No amytal anesthesia was used 
Body weight, Phyr 
Dat y 

bel 16, 1931 s.10 15 
Fel 17 15 
Feb. 19 17 
Fel 15 
kel | 20) 
ket 24 
Fel 20 & 25 20) 
kel s 10 
Feb. 2S Ss 09 10 
Mar y 4 7.80 10 
Mar > 10 
Mar 6 S20 
Mar. 6 Curve A epinephrin, 0.5 ec. intravenously 
Mar 7 0) 
Mar ~ tn) 20 
Mar OO 20) 
Mar. 10 s O00 2) 
Mar. 11 8.15 0 
Mar. 12 <0) 
Mar. 13 
Mar. 14 
Mar. 16 O5 
Mar. 17 20 
Mar. 18 8.15 25 
Mar. 19 25 
Mar. 20 Curve epinephrin, 0.5 cc. intravenously 
Mar. 20 =o 
Mar. 21 20 
Mar. 22 25 
Mar. 23 25 
Mar 24 20 
Mar 45 
Mar. 26 Cur ( epinephrin, 0.5 ¢ intrave! sly 


This dog Was In good condition at the close of the experiment in 

ite of the fact that he had been fed such large doses of thyroid. 

hart III] illustrates the blood sugar curves and Table 1 summarizes 

e findings. 

\ll of the curves in Chart II] show a distinct increase in the blood 

var following the injection of the epinephrin. The rise is more 
lden after the feeding of thyroid than before. 

Che results of these 2 dogs showed that under the conditions of 
experiments thyroid feeding did not lead to an absence of the 

perglycemic response to epinephrin. 
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Nh 
100 4 4 4 4 
> TY, 4 
40 60 80100120140 
A, March 6, 1931, 0.5 ec., 1 to 1090 Adrenalin Intravenously 
B, March 20, 1931, 0.5 ec., 1 to 1000 Adrenalin Intravenously 
C, March 26, 1931, 0.5 ce 1 to 1000 Adrenalin Intravenously 
Cuarr III Blood sugar curves after epinephrin in Dog 2 at various times during 
thyroid f 


Dog 


Lf ct of Phosphorus Poisoning. 


A dog was then admin- 


istered phosphorus subcutaneously, when it was expected that the 


liver injury from such poisoning would reduce the glycogen store. 


Jan. 
Jan 
Jan. 
Jan 


Jan 


Feb. 
Feb 
Feb 
Feb 
Feb 
Feb 
Feb. 
Feb. 
Feb. 
Feb. 
Feb 
Feb 
Feb. 


Mar. 


Date 
26, 1931 


28 


29 


Curve A 1 « 


Curve B 1.5 


105 
115 
113 


Qv 


Phosphorus 


epinephrin, intravenously 


119 


140 


Dog died 


epinephrin, intravenously 
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1.— Photomicrograph of liver of dog poisoned with phosphorus, showing severe 
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The dog used was a large shepherd, male, weighing 20.5 kilos. 
Yellow phosphorus was emulsified in olive oil and injected subcu- 
taneously. Epinephrin was injected into the femoral vein in both 
curves. 

The dog was very sick during the last few days of his life, and 
frequently vomited his food. Chart IV represents the graphic record 
of his blood sugar response. The summary is given in Table 1. 


4 0. 
t 3 
B 
~ 20. 
A, 
2 
» 90 
~ 
» 4 
Q 
S 
Min. 15 30 45 60 15 Ti 105 20 735 
A, January 31, 1931, 1.0 ce. of 1 to 1000 Adrenalin Intravenously 
B, February 27, 1931, 1.5 ce. of 1 to 1000 Adrenalin Intravenously 
HART IV Blood sugar curves after epinephrin in Dog 3 poisoned by phosphorus, 


Curves A and B in Chart IV show an increase in the blood sugar of 
pproximately the same magnitude. The reaction was more 
delayed after the phosphorus had had time to act. There had 
heen some food given to the dog by mistake before Curve B, but it 
as vomited. 
‘This experiment indicates that even in fatal phosphorus poisoning 
pinephrin led to hyperglycemia. The photomicrograph of the 
er (Fig. 1) indicates the severe injury to the liver. 
Since it seemed impractical to carry thyroid feeding in dogs to a 
int where the conditions found in the rabbit could be duplicated, 
e cat was next tried. The results follow: 
Catl. The cat was a female, weighing 2.8 kilos. The epinephrin 
as injected subcutaneously after 50 mg. of amytal per kilo had 
een injected intraperitoneally and complete anesthesia had been 


luced. 


61S ABBOTT, VAN BUSKIRK: EPINEPHRIN IN THYROID 


Cat 
weigh Phyroid 
Date K 8 
Feb. 21, 1931 2.8 5 
Feb. 24 
Feb. 25 2.4 } 
Feb. 26 
Feb. 27 Curve A epinephrin, 1 ce. subcutaneously 
Feb. 2S 3 
Mar. 2 } 
Mar. 3 2.0 ) 
Mar. 4 : 
Mar. 5 19 3 
Mar. 6 1.9 
Mar. 6 Curve B: epinephrin, 0.6 ec. subcutaneously 
Mar. 7 Cat died 
A 
275). 
2 
225 
x 
% 
4 
ws 
150 
~ 
Q 125 
Min. 20 490 60 60 /00 120 


A, February 27, 1931, 1.0 ce., 1 to 1000 Adrenalin Subeutaneously 
B, March 6, 1931, 0.6 ec., 1 to 1000 Adrenalin Subcutaneously 
Cuart V.—Blood sugar curves after epinephrin injection in Cat 1 during thyroid 


feeding 
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Both the curves (Chart V) show a similar rise in blood sugar over 
the fasting level. There is only 1 mg. difference in the extent of 
the reaction. However, it is to be noted that the fasting level for 
Curve A is much higher than that for Curve B. 

Fifteen hours after Curve B was run the animal was found in 
convulsions. The blood sugar at this time was 115 mg., which 
shows that the convulsions were not due to hypoglycemia. An 
autopsy was performed but no significant lesions were found either 
grossly or histologically. 

The rapid loss of weight which this animal showed was thought 
at first to be due to the thyroid feeding, but later it became apparent 
that the animal was suffering from some spontaneous pathologic 
condition. 

Car 2. The epinephrin was injected subcutaneously; amytal 
anesthesia was used; the dose and method of injection were the 
same as that used in Cat 1. The amytal injection was made about 
| hour and 15 minutes prior to the taking of the first blood sample. 
The weight of the cat and the doses of thyroid are given in the 
following table: 


Body weigh I 
Dat kilos y 

Mar. 7, 1931 2 60 3 
Mar. 9 2.55 9 
Mar. 10 2.45 2 
Mar. 11 2.55 2 
Mar. 12 2.45 2 
Mar. 13 eee 2 
Mar. 14 2 
Mar. 16 2 29 2 
Mar 17 2 20 
Mar. 18 2.25 3 
Mar. 19 3 
Mar. 20 3 
Mar. 21 } 
Mar. 22 
Mar. 24 } 
Mar. 25 2.15 5 
Mar. 26 
Mar. 27 Curve A: epinephrin, 0.4 cc. subcutaneously 

Mar. 28 5 
Mar. 30 5 
Mar. 31 1 
April 1 3 
April 2 1.90 2 
Apnl 3 3 
April 4 3 
April 6 1.70 3 
April 7 1 
April & 2 
April 9 2 
April 10 1.60 

April 10 Curve B: epinephrin, 0.4 cc. subcutaneously 


The loss of weight was 38.5 per cent. Fifteen hours after the 
ast curve the cat was in normal condition. The animal was killed 
vith chloroform and an autopsy performed. No important changes 
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were found grossly or histologically. Chart VI is a graphic represen- 
tation of the curves. Summary is given in Table 1. 

Curves A and B (Chart V1) show distinct hyperglycemic responses. 
The thyroid extract that had been administered to the cat did not 
lessen the response; rather the Curve B after the animal had ingested 


reat amount of thyroid shows a more marked hyperglycemia. 


ag 

Car 3. The epinephrin was injected into the saphenous vein. 
\nesthesia was the same as in Cat 1; the time interval between the 
injection of the amytal and the taking of the first blood sample 
was approximately 1 hour and 15 minutes. The following table 
shows the weight of the cat and the doses of thy roid given. 


| 
NI 1903] 23 
it 2.10 
Mar. 1 OO 
1S 
\I 
Niar ) 
Mar l 
M 
Muar 
Mar. 25 1.95 
Mar. 2¢ 4 
Mar. 27 ( \ 1, OA 
Mar. 2S 5 
Mar, 30 
Mar. 31 
April 1 
April 2 | 3 
April 3 
April 4 3 
Apnl 6 3 
April 7 l l 
Apnl SS 2 
April 9 2 
April 10 ( ( hri 0.4 ntr 


The cat lost HY ee per cent of its body weight. It Was found to 
be in normal condition about 15 hours after the last curve was 
ompleted. It was killed with chloroform and an autopsy per- 
formed. No important pathologic changes were found grossly or 
microscopically. The curves in Chart VII show an unquestionable 
yperglycemic response to epinephrin. Although B is less of a 
eaction than A, it represents a distinct rise. Summary is given in 
lable 1. 

Discussion. ‘The findings of Burn and Marks,' and Marks" that 
rolonged thyroid feeding in rabbits resulted in a failure of epi- 
ephrin to cause a hyperglycemia and produced a fatal hypogly- 
emia was corroborated in 1 rabbit as a preliminary experiment. 
(his animal showed no epinephrin hyperglycemia after feeding 
2.55 gm. of desiccated thyroid; on the other hand, in the cats which 
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were approximately the same weight, 31, 82 and 70 gm. of desic- 
cated thyroid fed over longer periods of time failed to prevent a 
hyperglycemia after epinephrin. In dogs the results were most 
striking: After 280 gm. and 647 gm. of desiccated thyroid over 
50 and 37 days respectively epinephrin still produced a marked 
hyperglycemia. It is well known that dogs tolerate enormous 
amounts of thyroid as well as epinephrin, and it is possible that 
this normal resistance of the dog to thyroid is responsible for 
these results. The cats, however, seemed much more sensitive 
to thyroid feeding and yet showed no absence of the hyperglycemic 
response. 

Amytal apparently had no effect in preventing hyperglycemia, as 
can be noted by comparing the curves done under amytal with those 
done without amytal. 

Chemical determinations of liver g 
not made. It was not considered advisable to introduce such 


veogen in these animals were 


conflicting factors as biopsies of the liver in the course of thyroid 
feeding and epinephrin curves. If in any dog or cat a point had 
been reached where epinephrin failed to cause hyperglycemia glyco- 
gen determinations would have been made of necessity before 
concluding that thyroid feeding had depleted the liver of glycogen. 
But in the presence of an immediate hyperglycemic reaction to 
epinephrin, such as occurred in all the dogs and cats, the presence 
of glycogen stores seemed obvious, because, although muscle 
glycogen may be converted into lactic acid, and the latter synthe- 
sized into liver glycogen, the immediate rise in the blood sugar after 
epinephrin is generally conceded to be due to mobilization of liver 
glycogen. 

The effect of epinephrin injections in leading indirectly to later 
deposition of glycogen in the liver must be considered as a factor 
opposing the loss of glycogen usually attributed to thyroid feeding. 
However, the epinephrin injections were separated by such long 
intervals that any effect of epinephrin injections in increasing liver 
glycogen would be more than offset by the effect of daily doses of 
thyroid if it is true that thyroid feeding depletes liver glycogen. 

Although these experiments were primarily concerned with the 
blood sugar response to epinephrin during excessive thyroid feeding, 
certain deductions seem logical in respect to the effect of thyroid 
feeding on the storage of glycogen. 

In other words, the question resolves down to whether or not 
the blood sugar response to epinephrin is an adequate test for liver 
glycogen. Although this belief has not been universally accepted, 
there is abundant evidence in favor of it. Markowitz!’ has shown 
that when the livers of rabbits have been entirely depleted of 
glycogen by starvation followed by strychnin shivering the injection 
of epinephrin does not cause a hyperglycemia; but if traces of 
glycogen remain there ensues a hyperglycemia of delayed onset, 
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the degree of which depends on the amount of glycogen present in 
the liver. According to Brill,? accelerated and augmented glyco- 
genolysis produces the hyperglycemia following epinephrin, the ex- 
tent of which is dependent to some extent on the quantity of glyco- 
gen in the liver. He further suggests that inasmuch as glycogen 
stores of skeletal and heart muscle are not demonstrably affected 
by epinephrin in the hepatectomized animal, they apparently are 
not so affected in animals with their livers intact. Olmsted and 
Coulthard” report from their experimental work that the blood 
sugar response to epinephrin depends to a considerable extent on 
the presence of sufficient amounts of glycogen in the liver. 

Cori and Cori! showed that epinephrin promotes the decomposi- 
tion of body glycogen with the production of lactic acid; this lactic 
acid is transported by the blood to the liver, and there is changed 
to glycogen. Thus the muscle glycogen is actually decreased 
while the liver glycogen is increased at 3 hours, but decreased at 
15 minutes; but the glycogen store of the liver is the only direct 
source of blood sugar. The results of their work show how under 
the influence of epinephrin the muscle glycogen becomes an indirect 
source of blood sugar. But it is dependent on the presence of the 
liver and the escape of lactic acid from the muscles. The normal 
functioning of the liver in the carbohydrate balance must not be 
too greatly damaged, for the liver is necessary in this course of 
events. Apparently the Coris’ views differ from those of others 
not in denying that the liver glycogen is the direct source of the 
increased blood sugar after epinephrin, but in considering that the 
rise in blood sugar is not entirely accounted for in this way but also 
results from decreased utilization of blood sugar. 

Sahyun and Luck“ have found in rabbits a depletion of liver 
glycogen after epinephrin during the first 2 hours and an increase 
after 3 hours. 

In our experiments we were concerned almost primarily with the 
blood sugar response immediately following the injection of epi- 
nephrin. Eadie’ has found from his work with cats under amytal 
anesthesia that the glycogen content of the muscles 1} hours after 
the injection of epinephrin was unchanged, while that of the liver 
was reduced practically to zero. He suggests that the difference 
hetween his results and the earlier work of Cori and Cori might be 
explained by the difference of species. It seems, therefore, that the 
vork of Cori and Cori does not appear as evidence which disproves 
that the hyperglycemic response to epinephrin is an indication of 
the presence of glycogen in the liver. Moreover, from the result 
if experiments on animals with livers removed it has been deduced 
hat glycogen of the liver is the only direct source of blood sugar. 

In our experiments it was necessary to use large doses of epi- 
ephrin and, since after the thyroid feeding the animal becomes 
xtremely sensitive to epinephrin, there usually resulted marked 
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changes in respiration, and in dogs foamy fluid sometimes exuded 
from the mouth, and sometimes cyanosis occurred. The hyper- 
givcemia, therefore, was probably partly an asphyxial hypergly- 
cemia in the dogs, but even so, this indicated that there was a large 
reserve of glycogen. The rabbit under the same conditions of 
respiratory disturbances failed to show hyperglycemia in the late 
stage of thyroid feeding. 

In discussions of the pharmacologic and physiologic effects of the 
administration of thy roid gland, it is generally stated that liver 
glycogen becomes depleted. To what extent this occurs, how con- 
stant a phenomenon this is, what degree of hyperthyroidism is 
necessary, or how long thyroid gland must be administered in order 
to bring about this condition is rarely quoted. Cramer and Krause 
reported that they were able to deplete or reduce to a trace the 
glycogen from the livers of cats and rats fed on a carbohydrate- 
rich diet when small amounts of fresh thyroid were fed over a 
period of from 1 to 3 days. We have found this work quoted quite 
frequently (Cushny,® John,* Cameron® and Sanger and Hun 
Cameron’ states: “Cramer and Krause have shown that the addi- 
tion of thyroid to the diet of certain animals causes diminution 
and even complete exhaustion of the glycogen reserves of the body. 
According to Cramer, this is due to a direct action on the glycogen- 
olytic function of the liver by the thyroid, which is opposed by the 
pancreatic hormone.’’ Kuriyama’ found that thyroid feeding 
rapidly reduced the glycogen in the livers of rats to a minimum, 
and reported also that glycogen storage does not occur readily in 
hyperthyroid rats, even though they are fed on a carbohydrate-rich 
diet. John® states that glycogen depletion occurs in hyperthyroid- 
ism, and suggests the following factors as influencing the disap- 
pearance of glycogen: “(a) Toxic influences which directly affect 
the parenchyma of the liver cells; (>) a high metabolic rate which 
causes increased consumption of carbohydrate and depletes the 
insulogenic stores, which in turn depletes the glycogen store in 
the liver.” 

Richardson, Levine and Du Bois," estimating the glycogen storage 
in 2 patients with exophthalmic goiter, concluded that there was no 
impairment of glycogen storage. 

Youmans and Warfield found that the functional efficiency of 
the liver of dogs as tested by phenoltetrachlorphthalein was not 
affected by large doses of thyroid over short periods or smaller 
amounts of thyroid over longer periods of time, while in 50 per cent 
of thyrotoxic patients studied there was impaired liver function 
according to this test. They suggest that in human beings increased 
thyroid activity may cause the liver to be glycogen-free or glycogen- 
poor and this condition might make it more susceptible to injury 
by some toxic agent present in the disease. 
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The work of Cramer and Krause® would lead one to believe that 
it was a relatively easy matter to deplete the liver of glycogen in 
cats and rats by thyroid feeding. Their preparation was the fresh 
sheep thy roid. They report that the liver was either completely 
depleted of glycogen or that only traces remained after feeding 
usually about three or four lobes, more often less, over a period not 
exceeding S days. They reported that with a dose of three lobes 
three times in 1 day to a cat the glycogen was reduced to a trace. 

Other authors seem to have taken their work as applicable to 
other animals and to human beings. That the liver glycogen 1s 
reduced in man is believed by many, although there is a certain 
amount of work that contradicts this view. Probably the degree 
of thyrotoxicosis determines this. There is abundant evidence 
which points to hepatic damage, as evidenced by abnormal glucose 
tolerance responses and other hepatic functional tests. Sanger and 
Hun,’ studying patients with exophthalmic goiter, reported that 
the majority of patients showed abnormal blood sugar curves, but 
that some strikingly toxic cases showed normal curves. John’ 
stated, after studying a number of patients with toxic goiter, that 
he was unable to demonstrate any glucose tolerance curve specific 
for hyperthyroidism. Since it is obviously strongly contraindicated 
to carry out an epinephrin curve in human hyperthyroidism, the 
method used in our animals is not applicable to man. 

Summary and Conclusions. |. Feeding 2.55 gm. of desiccated 
thy roid to ] rabbit over a period of 2] day Ss resulted in a progressive 
loss of body weight, decrease in the hyperglycemic response to 
epinephrin and, finally, an absence of hyperglycemic response, 
similar to the findings of Burn and Marks, and Marks, with a fatal 
hypoglycemic response to epinephrin when the liver glycogen was 
apparently depleted. 

2. The feeding to 3 cats of 31,82 and 70 gm. of desiccated thy roid, 
over a period of 15, 30 and as days respectively, resulted in loss of 
body weight, but no definite decrease in the hyperglycemic response 
to epinephrin. 

3. The feeding to 2 dogs of 280 and 647 gm. of desiccated thyroid, 
over a period of 50 and 37 days respectively, resulted in no definite 
loss of body weight and no definite decrease in the hyperglycemic 
response to epinephrin. 

1. It is probable, for the reasons outlined in the body of the paper, 
that the hyperglycemic response to epinephrin in dogs and cats 
indicated that the liver glycogen had not been depleted by thyroid 
feeding under the conditions of the experiment. 

5. Though we hesitate to draw basic conclusions because of the 
imited number of experiments, the results at least show the great 
esistance of dogs and cats to thyroid. The reaction of these species 
s probably an exception. Since man is more sensitive than animals 
o thyroid, it would seem likely that the liver glycogen may decrease 
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in man more as it does in the rabbit than as in the resistant dog 
and cat, but it is obviously impossible to prove this in man. 


Nore.—These experiments were carried out under the direction of Dr. I. T 
Zeckwer, to whom we extend our best thanks for her constant help both in the experi- 
mental work and in the preparation of the manuscript 
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VARIATIONS IN THE PANCREATIC DUCTS AND THE MINOR 
DUODENAL PAPILLA.* 


By SAMUEL SrimMKINs, A.B., 


PHILADELPHIA, 


(From the Department of Pathology, University of Pennsylvania Medical School 


It is rather surprising to find, in reviewing the literature on the 
pancreas, that certain aspects of its anatomic structure have not 
as yet been sufficiently studied. Accordingly a special study was 
made of 25 autopsy specimens at the Philadelphia General Hospital 
with chief reference to the arrangements of the pancreatic ducts, 
their drainage, and the patency of the minor duodenal papilla 
The practical significance of our findings will be discussed later. 

According to the usual description given, the pancreas possesses 
two ducts: the larger and more constant is the pancreatic duct o1 
duct of Wirsung; the smaller and less constant is the accessor) 
pancreatic duct or duct of Santorini. To quote Baldwin, the duct 
of Wirsung, “beginning in the tail of the pancreas courses from left 
to right through the body and neck to the head of the gland, wher 
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it bends caudally, after receiving the accessory duct and, traversing 
the head of the gland, perforates the duodenal wall to empty into 
the duodenum in company with the common bile-duct, by way of 
the major papilla (which contains their common opening, the 
papilla of Vater) . . . The accessory duct is confined to the 
cephalo-ventral segment of the head which it traverses from its 
point of junction with the main duct to the minor duodenal papilla, 
where it either empties into the duodenum or terminates blindly. 
This minor papilla in the duodenal mucosa bears a cephalo-ventral 
relation to the major papilla and lies about 1.8 em. from it.” 

It was in 1641 that Moritz Hoffmann discovered the pancreatic 
duct within the pancreas of the turkey. A year later Wirsung 
dissected the duct in the pancreas of a human body, and observed 
that it was sometimes double. Judging from his reproduction of the 
duct he evidently believed that the vascular supply of the spleen 
came by way of the pancreas. “To Santorini belongs the credit 
for the first description of the accessory pancreatic duct, and for 
the first representation approximating accuracy of the arrangement 
of the ducts in the adult human pancreas.”” (Baldwin.) Interest 
gradually lagged, and it is only since the time of Claude Bernard, 
who in 1846 revived interest in the accessory duct, that much atten- 
tion has been paid to the relations of it to the main duct and to the 
duodenum. In 1903, Opie investigated this problem in his monu- 
mental work on Disease of the Pancreas. 


Method. The method used in the present study is similar in principle 
to that employed by Opie. The duct of Wirsung was exposed by trans- 
verse section of the body of the pancreas. A solution of methylene blue 
was injected at low pressure until it issued from an orifice in the duodenum. 
This opening was then compressed with a forceps, and the injection was 
continued at somewhat higher pressure to determine whether a second 
orifice was patent. The patent papilla were next tied off at their openings 
into the duodenum, and the injection was continued in order to be certain 
that the small branches of the ducts would be distended. If fluid regurgi- 
tated through the common bile duct this also was tied off. The dissection 
of the ducts was facilitated by the presence of the methylene blue which 
stained the lining tissue very nicely. At the completion of the dissection 
the common bile duct was dissected to its point of entrance into the papilla 
of Vater, in order to verify which was the duct of Wirsung. The minor 
papilla was looked for only occasionally, as there is almost unanimous 
agreement among investigators concerning its position. The plan adopted 
was to call the largest branch the duct of Santorini. Of course, this might 
lead one astray, as size is no indication of embryologic development. But 
n practically every case the duct of Santorini was so large, compared to the 
‘ther branches of the duct of Wirsung, that little doubt existed in our 

ind as to the correctness of our view. To quote Claude Bernard, the 
luct of Santorini “appears to be formed by the bifurcation of the larger 
‘uct, but, unlike the latter, diminishes in caliber as it approaches the 
ntestine.’’ The ideal method would be to trace the duct of Santorini to 
ts termination in the minor papilla. Such a method usually requires serial 
ctions. Moreover, in many cases this method would fail, inasmuch as 
he duct of Santorini normally prema a completely in its terminal portion 
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in a large percentage of specimens Verv little reference is to be found in 
the literature as to the criteria adopted by the various investigators in their 
choice of what to call the duct of Santorini. 


Development of the Pancreas. \s it is impossible to understand 
peculiarities of the ducts without a knowledge of the development 
of the pancreas, it may be well to review briefly this phase of the 
subject. Our knowledge dates, in effect, from ISSS, when Phisalix 
was the first to explain embryologically the presence of two pan- 
creatic ducts. The development of the pancreas is slightly preceded 
by that of the liver which “makes its appearance as a projection 
upon the ventral wall of what will subsequently become the duo- 
denum” (Opie). The pancreas arises as an outgrowth from the 
intestinal tube during the early weeks of intrauterine life. There 
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Fic. 1.—Embryology of the pancreas {1 shows relationship of dorsal and ventra 
anlagen to the hepatic diverticulum B shows the portions of the pancreas that 
develop from the dorsal anlage and ventral anlage as well as the mode of formati 


of the pancreatic duct and accessory pancreatic duct 


are two anlagen, or outgrowths from the intestine; dorsal and ventral 
The ventral anlage is smaller and is situated in the inferior angl 
between the hepatic diverticulum and the intestine. According ti 
some writers (Debevre and Helly, among others) two ventral 
anlagen (a right and a left) are occasionally found. The dorsa 
anlage is much larger than the ventral anlage, and arises from the 
intestine between the hepatic diverticulum and the stomach. It 
rapidly elongates into a duct. The ventral and dorsal anlage 
rise to separate pancreatic tissue masses. (Fig. 1.1.) 


give 
Fusion of the two masses occurs as a result of two factors: 
1. Rotation of the intestinal tube so that the ventral and dorsa 
anlage become medial and lateral respectively. 
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2. Active growth of the ventral toward the dorsal process. “The 
hile duct develops from the most proximal portion of the hepatic 
anlage, grows dorsally from its position on the right side of the 
intestine, and the ventral process (accompanying it) is brought into 
close relation with the dorsal process and by the third month has 
anastomosed with it’’ (Cameron). Presumably the ventral anlage 
gives rise to the caudal portion of the head of the pancreas, and 
most of the uncinate process (which is the angle of junction of the 
lower and left lateral borders). The dorsal anlage gives rise to the 
remainder of the pancreas, namely, tail, body, neck and part of 
the head. 

At an early period an anastomosis develops between the duct of 
the ventral anlage and that of the dorsal anlage. After this occurs, 
“that part of the upper or originally dorsal duct which lies between 
the duodenal orifice and its anastomosis with the lower duct under- 
goes partial atrophy , and the lower channel increasing in size appears 
to be a continuation of the large duct” (Opie). (Fig. 1B.) 

In other words, the duct of Wirsung in the adult is represented by 
a continuous channel formed by the distal portion of the duct of the 
dorsal process, the anastomosis, and the duct of the ventral process. 
The duct of Santorini is represented by the proximal portion of the 
duct of the dorsal process. J. F. Meckel’s statement that atrophy 
of the duodenal end of the duct of Santorini is the developmental 
rule is of the greatest significance in explanation of the causative 
factors involved in the production of the numerous anomalies 
observed. 

In 1914 Corner, studying the development of the ductal system 
the pancreas of the pig, found that it develops a primitive plexus 
trikingly similar to that of the primitive blood plexus, and there is 
ime evidence that the same physical laws hold true for the ductal 
tem. It is quite probable, as a result of his investigations, that 
flow of secretion occurs through the plexus before the main duct 
ikes its appearance. These observations offer a new basis for an 
‘planation of the origin of variations of the pancreatic ducts 
will be shown later. 
Position of Main Pancreatic Duct. The main pancreatic duct is 
lite variable in its position within the pancreas. Cameron in 
24 reported SO per cent near the posterior surface and 20 per cent 
ir the anterior surface or center. We found the reverse to be 


(Table 1.) 


TaBLeE 1.—Posirion or Main Pancreatic Duct, 


This series Cameron 
N f No. of 
cases Per cent Per cent casera 
Posterior 6 24 80 80 
(‘enter . bd 19 76 20 20 


Anterior 10 | 
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We were able to verify Baldwin's statement that “at the head of 
the gland, the main duct inclines somewhat abruptly caudally 
and dorsally with the convexity toward the right and approaches 
the dorsal surface of the head of the gland. Reaching the level of 
the major duodenal papilla, the duct now runs almost horizontally 
to the right to join with the caudal aspect of the common bile duct, 
and empty with it into the major papilla.’ This statement is true 
in a majority of the cases, but there is a large group of cases (chiefly 
those in which the pancreatic duct is situated near the center) in 
which the duct is practically a straight tube with the major papilla 
midway between the cephalic and caudal borders, and between the 
anterior and posterior borders of the head of the pancreas. It was 
noted that the bile duct invariably lies dorsal to the head of the 
pancreas and runs caudally toward the median surface of the second 
portion of the duodenum to end in the papilla of Vater. 

Relative Sizes of Duct of Santorini and Duct of Wirsung. Three 
specimens (12 per cent) showed the duct of Santorini to be equal 
to or larger than the duct of Wirsung. Opie and Charpy each 
reported 10 per cent; whereas Schirmer reported 3 per cent and 
Baldwin 4 per cent. (Table 2.) 


TABLE 2. RELATIVE Sizes OF Duct OF SANTORINI AND Duct oF WIRSUNG. 
No. of Per cent 
cases Inversion inversion 

Schirmer 104 3 3 

Charpy 30 3 10 

Bernard | 

Morel and Duval sg i 

Opie 100 11 11 

Bimar ? l 

Baldwin 76 3 4 

Cameron 100 10 10 

Morse ? 1 

Author 25 3 12 


Most investigators have found that in 10 per cent of cases the duct of Santorini 
is as large as, or larger than, the duct of Wirsung. 


Presence of Accessory Duct. ‘The accessory duct was present in 
every case, as has been reported almost universally. In fact, cases 
of so-called absence of the accessory duct are now looked upon with 


suspicion. (Table 3.) 


TABLE 3.—PRESENCE OF AccESsORY DucrT. 


Present Absent 
Schirmer ; 101 3 
Charpy 29 l 
Helly 50 0 
Verneuil 20 0 
Hamburger 50 0 
Sappey . 1] 0 
Opie 100 0 
Baldwin 76 0 
Cameron 100 0 


Author 25 0 
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Patency of the Minor Papilla. ‘lhe minor papilla is situated at a 
variable distance above the major papilla. It is often very small 
and inconspicuous, but it is probably always present, as the work 
of Opie, of Baldwin and of Cameron bear out. A great deal of 
difficulty is encountered in determining the percentage of cases in 
which the duodenal papilla is patent. As Opie states, “on the one 
hand, a small quantity of mucus within the minute lumen may 
readily prevent the penetration of injected material, and on the 
other hand, Henle states, material injected under considerable 
pressure may produce a false passage.’ Various methods have been 
used to settle this question. Schirmer used an insufflation method, 
Opie injected Berlin blue under pressure, Claude Bernard injected 
metallic mercury, etc. A second group of investigators used a 
microscopic method, by which serial sections were made through 
the papilla. As might be expected, discrepancies in results are 
quite marked—a good deal depending on the method used. Thus, 
Opie found a considerable number of specimens (48 per cent) in 
which it was not possible to force, from the lesser papilla, fluid 
injected under low pressure into the duct of Wirsung. In such 
instances he made serial sections through the minor papilla, and 
in 21 of 100 cases the lumen was not found demonstrably continuous 
with that of the intestine. In our series we found only 3 of 25 cases 
to have a patent lumen. Probably the incidence would have been 
much increased had a microscopic method been used as a check. 
Insofar as clinical significance is concerned, our results confirm 
those of Opie—10 per cent of cases show the minor papilla to be 
sufficiently patent to act as safety valves should bile be dammed up 
in the duct of Wirsung. 


TABLE 4.—ConpDITION OF Duct OF SANTORINI AT MINOR PapPILua. 


Author. Patent Closed 
Microscopic Method. 
Helly 40 10 
Baldwin ‘ 45 5 


Injection Method (a Vicroscopic VU ethod in Some Cases 


Charpy 21 
Opie 79 21 
Verneuil 20 0 
Sappey 16 ] 
Cameron 77 23 
Author : 3 22 


Drainage and Variations in Arrangement of the Ducts. At first 
ight, the types and arrangements of the pancreatic ducts and their 
lrainage seemed to present a chaotic condition, but when the results 
‘btained by study of the 25 specimens are charted, certain relations 
come at once apparent. (Table 5.) The types encountered fall 
gically into 3 groups: 
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Group A. In which the duct of Santorini is present only in the 
cephalic portion of the head of the pancreas. Specimens, I, II, X, 
XV, XVI, XVII, XXIV, XXV—total of 8. (Fig. 2.) 

Group B. In which the duct of Santorini is present only in the 
caudal portion of the head of the pancreas. Specimens, III, IV, V, 


VI, XIII, XX, XXI, XXIII —total of 8. (Fig. 2.) 


G ROUP B 


Fic. 2.—Position of duct of Santorini. Group A: Specimens in which the duct 
Santorini is present only in the cephalic portion of the head of the pancreas. 
Specimens I and II show common bile duct, which has similar position in all of the 
specimens. Specimen XXV shows the major papilla entirely separated from the 


ncereas itself. It also shows the interlobar fissure, which separates lobe A (the lobe 
f Santorini) and lobe B (the lobe of Wirsung). Group B Specimens in which the 
ict of Santorini is present only in the caudal portion of the head of the pancreas. 


ecimen V shows the duct of Santorini ending in a closed bulb beneath the minor 

pilla. m.p., major papilla; pmp, patent minor papilla: 7, duct of Wirsung; 2, duct 

Santorini; A, B, C, branches of duct of Santorini; 3, 4, 5, branches of duct o 
Virsung. 


Groupe CC. In which the duct of Santorini and its branches are 
resent in both caudal and cephalic portions of the head of the 
pancreas—total of 7. (Fig. 3.) 

I. Duct of Santorini chiefly in cephalic portion; IX, XI, XII, XTX 

total of 4, 
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I]. Duct of Santorini chiefly in caudal portion; XVIII, XXII 
total of 2. 

III. Duct of Santorini equally in cephalic and caudal portions; 
14—total of 1. 


m 
P 1 
4 ( 
mp — from Opie's 
ym 


Groug C; 

Fic. 3.—Group ¢ Specimens in which duct of Santorini is present in both 

caudal and cephalic portions of head of pancreas. Group C; Duct of Santorini 
chiefly in cephalic portion. Group C2: Duct of Santorini chiefly in caudal portion. 
Group Cs: Duct of Santorini equally in cephalic portions. Group D: Shows 
distinct anomalies. Specimen VII shows the embryonic arrangement of the ducts 
very well. (Note the close resemblance to the specimen of Opie and Meakins shown 
in F. In both Specimens VII and VIII the minor papilla is structurally, as well 
as functionally, patent. Group E: From Opie’s Disease of the Pancreas. Pancreas 
showing the two lobes which form the head. The lower part (7) of the lobe, cor- 
responding to the duct of Santorini, is drawn upward to expose the lobe (y) corre- 
sponding to the duct of Wirsung. Group F: Diagram showing the relative sizes 
of the two pancreatic ducts in a case of acute hemorrhagic pancreatitis reported by 
Opie and Meakins. mp, major papilla; pmp, patent minor papilla; 7, duct of 
Wirsung; 2, duct of Santorini; A, B, C, branches of duct of Santorini; 3, 4, 5, branches 
of duct of Wirsung. 


Grove PD. A fourth group, D, may be added in which are 
placed distinct anomalies; VII, VIII—total of 2. (Fig. 3.) 

In Fig. 4 are shown some of the ductal arrangements found by 
Opie. It will be noted that in practically every case the duct of 
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Santorini receives a branch from the caudal portion of the head of 
the pancreas. In Specimens [V and VII the embryonic arrangement 
has persisted and the duct of Santorini has remained the chief duct 
of the gland. In Specimen V atrophy has occurred at the proximal, 
instead of the terminal, portion of the duct ef Santorini. Evidently 
the duct of Santorini in this instance supplies an isolated portion 
of the head of the pancreas in close proximity to the minor papilla. 


vi vil 


Fig. 4.—Varying relations of the duct of Santorini (s) to the duct of Wirsung 
Drawn from dissected specimens. (From Opie's Disease of the Pancreas. In almost 

ery case the duct of Santorini receives a branch from the caudal portion of the 
ead of the pancreas. In Specimens IV and VII the embryonic arrangement has 
‘rsisted, and the duct of Santorini has remained the chief duct. In Specimen V 
itrophy has occurred at the proximal, instead of the terminal, portion of the duct 
f Santorini. 


It is surprising to find that so little detailed attention has been 
aid to the question of drainage. Only 3 statements on this subject 
ave been found—by Opie, Charpy and Baldwin. Opie found the 
luct of Santorini to drain the anterior and lower part of the head. 
\ccording to Charpy the accessory duct drains the superior lobe 
f the gland. Baldwin found the duct of Santorini to drain the 
entrocephalic portion in the immediate neighborhood of the minor 
papilla, and a small portion of the ventrocaudal segment. It is 


636 SIMKINS: PANCREATIC DUCTS AND MINOR DUODENAL PAPILLA 


quite evident, therefore, that no very close agreement exists con- 
cerning the drainage of the duct of Santorini. 

In Group A the distribution of the duct of Santorini is quite 
variable. It may drain the dorsocephalic or ventrocephalic por- 
tions, or both. Which dt does in a given case would seem to depend 
on three factors: 

1. The relative rapidity of growth of the two anlagen. 

2. Their direction of greatest growth as well as their relative 
position, one to the other. 

3. The degree of atrophy which the duct of Santorini undergoes 
following the formation of the duct of Wirsung. It seems to us 
that there must inevitably occur numerous combinations of the 
above factors, and such an explanation may easily account for the 
very numerous anomalies that are so commonly observed. For 
example, in Group B the situation is entirely the reverse of that 
in Group A. Here we find the distribution to be the contrary of 
what has been reported in the literature. We may assume that in 
this group the atrophy of the duct of Santorini in the cephalic 
portion has been complete, or that the relative rate of growth of 
the ventral anlage was extremely rapid, and directed sharply 
cephalad. In Group B, by far the greatest number of specimens 
show the duct of Santorini to supply the entire caudal portion of 
the head of the pancreas. 

Group C probably represents the “typical” arrangement of the 
duct of Santorini. In this group seem to fit most of the specimens 
of Opie, already mentioned. The same forces operate in Group © 
as in Groups A and B. The above factors may afford an adequate 
explanation of the drainage, but in considering the form of the 
ducts, it seems to us that the work of Corner (previously mentioned) 
on duct plexuses offers an interesting explanation. The old view 
held that the irregularities in the course of the ducts were due to 
abnormal development or growth of one or both anlagen. This 
view falls when it is observed, as Corner showed, that ‘before the 
chief duct is formed the two anlagen are completely fused, so that 
the anlagen play no great part in the production of variations in 
the course of the ducts, except insofar as they limit the plexus to 
one, or at most two, points of outlet into the duodenum. On the 
other hand, the primitive plexus explains all the variations, and the 
abnormalities are undoubtedly produced in a way exactly like 
those of the blood-vascular system, as demonstrated by Evans. 
Just as a blood-capillary supply the embryonic arm-bud or kidney 
may, for some reason, persist after its time and form an accessor) 
brachial artery or renal vein, so at the time of appearance of the 
pancreatic duct, varying physical forces may lead the new channel 
through one or another mesh of the plexus . . . and in this 
Way any imaginable variation may be produced, even loops and 
spirals, while the external form of the pancreas remains without 
change.” 


te 
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From what has been said concerning the embryology of the 
pancreas it will be remembered that the head of the pancreas is 
formed by the fusion of the dorsal and ventral anlagen. >\ dis- 
section it is found that the degree of fusion is very variable. There 
is often found an interlobar fissure by which the head of the pancreas 
chiefly the caudal portion ) is divided into two distinct lobes cor- 


responding to the two ducts. These lobes nay be termed the lobe 
of Wirsung and the lobe of Santorini (Fig. 34). Our results agree 


fairly closely with those of Opie, who found that “the lobe of 
Santorini (7), drawn upward in the figure, is larger than the lobe 
of Wirsung (vy) which lies behind it, and being much wider from 
above down, forms the lower or descending part of the head. The 
lobe of Wirsung is a relatively narrow compressed mass of paren- 
chyma, flattened antero-posteriorly and surrounding on all sides 
the duct of Wirsung.” 

The specimens in Group I) (Fig. 3) are extremel\ interesting. 
Specimens VIT and VIII illustrate the embryonic arrangement 
splendidly. The close resemblance of Specimen VII to the specimen 
described by Opie and Meakins (Fig. 5/) is readily apparent. Speci- 
men V shows a minor papilla below the major papilla. Such a situa- 
tion Is contrary to what is reported in the literature. Specimen 
XXV is a remarkable one. It shows the major papilla opening into 
the duodenum entirely separate from the pancreas. Both the 
common bile duct and the duct of Wirsung pass transversely across 
the duodenum beneath the mucosa for a distance of about 1 inch 
before terminating in the papilla of Vater. 

Clinical Applications. As may readily be inferred, the anatomic 
re lationships of the duct of Wirsung and the duct of Santorini to 
each other and to the common bile duct are of great clinical impor- 
tance. The classical work of Opie has shown how a small gall stone 
lodged at the orifice of the ampulla of Vater may divert bile into 
the pancreatic duct and produce hemorrhagic pancreatitis. In 
only 30 per cent of individuals are the anatomic conditions such 
that a small stone might divert the bile into the pancreatic duct. 
Moreover, we have confirmed Opie's finding that in 10 per cent ot 
individuals the duct of Santorini ts as large as, or larger, than the 
duct of Wirsung, and is patent at the site of the lesser papilla. Con- 
equently 10 per cent ot people are provided with safety valves, so 
to speak even if other conditions are favorable for the incidence of 
acute hemorrhagic pancreatitis. For example, in Specimen VII 

Fig. 3), even if a stone at the ampulla of Vater were capable of 
diverting bile into the duct of Wirsung, the bile could easily find 
its way into the duodenum through the large patent minor papilla, 
and acute hemorrhagic pancreatitis would not develop. Such facts 
explain, in part at least, the rarity of acute hemorrhagic pancreatitis 
as compared with the relative frequency of gall stone disease. On 
the other hand, the presence of such an anomalous arrangement in 
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10 per cent of people renders such individuals susceptible to acute 
hemorrhagic pancreatitis brought about by the entrance of irritant 
duodenal contents, by way of the anomalous duct of Santorini. 
The power of such material to cause the disease has been amply 
proved by experiment. As Opie states, “It is well known that 
increased pressure within the duodenum does not force duodenal 
contents into the bile duct or pancreatic duct after death.” This 
is due to the presence of the sphincter of Oddi. Such a mechanism 
seems to be absent in the orifice of the anomalous duct of Santorini 
and intestinal contents may, under certain conditions, enter such 
a duct when the pressure within the duodenum is increased, as 
for example, by vomiting. 

The anomalous arrangement mentioned above may also play 
an important réle in the prevention of chronic interlobular pan- 
creatitis. It is well known that this disease may be produced by 
ligation of the duct of Wirsung. Complete or partial occlusion of 
the duct of Wirsung in human beings may be caused by pancreatic 
calculi in the duct of Wirsung, by biliary calculi in the adjacent 
terminal portion of the common bile duct, or by neoplasms com- 
pressing or invading the gland. In 10 per cent of individuals, 
chronic interlobular pancreatitis is not very likely to occur, since 
the large patent duct of Santorini offers an adequate factor of safety. 

Certain cases of acute hemorrhagic pancreatitis reported in the 
literature can be explained only on the basis of a knowledge of the 
common anomalies. Opie and Meakins reported a case in which 
the lesion was rather sharply confined to that portion of the pancreas 
supplied by the duct of Santorini. Investigation showed an anom- 
alous duct of Santorini as the chief outlet of the gland. (Fig. 3F.) 
Similar cases have been reported by Johnstone and by Bassett, 
among others. Other puzzling cases probably have a similar eti- 
ology. A few months ago a patient was admitted to the Hospital 
of the University of Pennsylvania with complaint of sudden sharp 
epigastric pain, together with nausea and vomiting and a tentative 
diagnosis of mesenteric thrombosis (F. R., Index No. 20449, Surg. 
Serv.). At autopsy the primary lesion was found to be a subacute 
hemorrhagic pancreatitis sharply limited to the cephalic half 
the head of the pancreas. In this case the degree of necrosis present 
prevented the duct of Santorini from being traced, but we seem 
justified in assuming the presence of an anomalous duct of Santorini 
as previously described. It is quite possible that many other 
puzzling surgical conditions of the abdomen, similar to the above, 
have heretofore been misdiagnosed simply because the possibility 
of an — duct of Santorini has not been borne in mind. 

Summary. A detailed description of the relationships of the duct 
of Santorini to the duct of Wirsung is given. A classification is 
offered of the various arrangements found, as well as a theory to 
account for such variations. The extraordinary variability of the 
pancreas in respect to size, shape and ductal arrangement is pointed 
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out. We have confirmed Opie’s finding that in 10 per cent of 
individuals the duct of Santorini is functionally as well as structur- 
ally the chief outlet of the external pancreatic secretion, and that 
such anomalous arrangement may play an important réle in the 
prevention or institution of acute hemorrhagic pancreatitis; that it 
is of great importance likewise in the etiology of chronic interlobular 
pancreatitis; and that this condition may account for certain puzzling 
cases of unexplained deaths. 

NOTE I wish to express my appreciation to Dr. Krumbhaar for his kindly 
criticism and advice, as well as to Dr. MeCutcheon and to Mr. Taggart, of the 
Philadelphia General Hospital, for their helpful coéperation. 
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THE PATHOGENESIS OF ACUTE SUPPURATIVE PAROTITIS. 
AN EXPERIMENTAL STUDY.* 
By A. L. Bernpot, R. Buck anp R. von L. Buxton. 


(Under the Direction of R. P. Custer, M.D.) 
From the Laboratory of Experimental Pathology of the University of Pennsylvania 
School of Medicine.) 
ACUTE suppurative parotitis is a condition commonly encoun- 
tered in the course of medical and surgical practice. So frequently 
sits occurrence an ill omen in prognosis that a clear knowledge of 


* Presented at the Twenty-third Annual Meeting of the Undergraduate Medical 
\ssociation of the University of Pennsylvania, May 1, 1931. 
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its pathogenesis is important. The condition appears most often 
as a complication following surgical operations and during the course 
of infectious diseases and debilitating states. Only occasionally 
does it develop primarily in an otherwise healthy individual. The 
mortality rate is usually high, being estimated at 30 per cent by 
Wagner,! at 42.8 per cent by Blair and Padgett.’ 

The literature holds many accounts of acute suppurative parotitis 
that consider the condition from clinical, pathologic and bacterio- 
logic viewpoints. For an extensive survey of the question reference 
is made to the article by Custer,’ (page 649 of this issue of this 
Journal), Allof the authors have expressed their individual opinions 
concerning the common mode of infection of the gland. Not ene 
has denied that many of the cases are due to an ascent of the infect- 
ing organism from the oral cavity to the parotid gland through 
Stensen’s ducts, with a consequent secondary invasion of the glandu- 
lar tissue. Some observers, however, believe that the gland becomes 
infected by way of the blood stream far more frequently than had 
been suspected pres iously, These authors base their opinions chiefly 
on the facts that the complication arises more frequently when 
operation has been carried out in a septic field and that very often 
the inflammation does not become evident until several days have 
passed after the operation. 

Certainly the anatomic and bacteriologic findings support the 
theory of ductogenous infection. Anatomic studies indicate that 
early cases show involvement of the larger ducts; that later cases 
show extension through the small radicals secondarily involving 
periductal gland tissue and finally producing multiple abscesses 
centering upon the ducts. 

In bacteriologic studies it has been shown that only rarely has 
the organism recovered from the parotid gland corresponded to that 
of a local focus elsewhere or to that of an existing general infection, 
Tvphoid fever is the exception to this rule. The tvphoid bacillus 
has been isolated from the parotid gland in cases of typhoid 
fever. Bacillus typhosus, however, can be cultivated from many 
organs during the acute stage of the disease, and when found in 
the parotid has been usually but one element of a mixed infection. 
The organisms most fre quently isolated from cases of acute parotitis 
are those that normally exist in an avirulent state in the mouth 
and in the lower segment ot Stensen’s duct. Ot these the Staphy lo- 
coccus aureus is the chief offender. 

Clinically there exist a number of factors that favor ascent of 
infection through the duct. The lowering of general resistance by 
infection and debilitation increases the relative virulence of the 
normal bacterial flora of the mucous surfaces. Diminution of the 
salivary flow during febrile states, general dehydration from vomit- 
ing, reflex diminution of salivary secretion in surgical procedures 
from anesthesia and visceral manipulation, as well as actual trauma 
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to the gland by unskilled anesthetists, are among the more important 
factors causing lowered resistance. 

Until 1914 the studies on acute suppurative parotitis had been 
hased solely on clinical observations, bacteriologic findings and 
pathologic anatomy. Little experimental work had been done on 
the subject. Claissé and Dupré* had attempted to produce the 
condition in dogs by injecting organisms into the ducts, but they 
failed to produce suppuration except when they ligated the ducts 
or introduced foreign bodies into the luimens of the ducts. 

In 1914 Rost® published an account of his experimental study 
of the question, He stated that he had been able to infect the 
parotid glands of dogs by injecting the same organisms into the 
ducts and the artery that supplies the gland with equal facility. 
He stated, furthermore, that in both cases the pathologie jreture 

as wentical, 

Rost’s report has been widely recognized and accepted ; the 
descriptions and illustrations in his paper are convincing. A 
search of the literature fails to show any subsequent work of the 
ame type that might be accepted as confirmation of Rost’s work. 
lor this reason it was decided to repeat his experiments and to 
observe the inflammatory response of the parotid gland to ducto- 
genous and to blood-borne infections. 


Methods.—In preparation for the actual experimental procedures, a 
careful examination was made of the anatomical relations of the parotid 
glands. The parotids are the largest oral glands; thev are located, in the 
dog, in the superficial fascia on each side of the head just below the ear; 
they are organic, branched glands, subdiy ided into lobes and lobules; they 
drain into the oral cavity through Stensen’s ducts which emerge opposite 
the second molar teeth of the upper jaws. These ducts are characterized 

istologically by a thick membrana propria and are lined by a two-layered 
olumnar epithelial coat. As the duct branches repeatedly, the epithelium 

ecomes simple columnar in type, passing through a transition stage of 
pseudostratified epithelium. The smallest ducts are lined with flat cells 
it are continuous with the large cuboidal cells of the alveoli. 

The blood supply is furnished by twigs from the superficial temporal 
irtery, a branch of the external carotid. The branches of these twigs 
venerally follow the ducts through the connective tissue septa into the 

bules, where they produce an abundant capillary network close to the 
isement membrane of the alveoli. The veins derived from these capillaries 
on enter the interlobular tissue and accompany the arteries. 

\n injection of colored gelatin was made into the common carotid artery 

a dog. The head was fixed in formalin and the arterial tree was dissected 
it. The exact blood supply of the parotid gland was determined and 
rientation obtained so that the superficial temporal artery could be picked 
ip readily in a small operative field. 

In the choice of bacteria to be injected we followed Rost’s example in 
electing hemolytic Staphylococcus aureus. Twenty-four hour bouillon 

iltures were used; in one group an autopsy culture of high virulence was 
jected,*in another a culture of low virulence from a case of furunculosis 


* The culture of high virulence produced death in a rabbit within 24 hours 
owing intravenous injection of 1 ce. of a 24-hour growth. 
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was used.* In 2 cases we employed a mixed culture of staphylococci and 
pneumococci that was recovered from a human case of acute suppurative 
parotitis. 

Our first series of experimental animals was composed of 13 adult dogs. 
Four dogs were selected for injection of bacteria into Stensen’s duct. 
Nine received injections of bacteria into the superficial temporal artery. 
Two of this latter group were subjected to dehydrating measures, 7. e., 
purging and dry diet, for 24 hours prior to the operation. 

The technique of the duct injections was as follows: The animal was 
anesthetized with sodium amytal. A blunted hypodermic needle was passed 
into the orifice of Stensen’s duct. A syringe containing 2 ec. of 24-hour 
broth culture of hemolytic Staphylococcus aureus was fitted to the needle 
and the contents injected into the duct. Bilateral injections were made in 
all 4 dogs. In 3 of these dogs the duct on one side was ligated, the other 
not; in one both ducts were ligated. When the duct was to be ligated, a 
suture-ligature was passed about the needle in a half-hitch, the injection 
made, and the knot drawn tight as the needle was withdrawn. 

For the injection of the arteries the following technique was used with 
aseptic surgical methods: Under amytal anesthesia a 2-inch incision was 
made between the internal border of the sternocleidomastoid muscle and 
the trachea. By blunt dissection the external carotid artery was exposed 
and traced to the superficial temporal branch. This latter artery was care- 
fully stripped of its surrounding fascia. An aneurysm needle was passed 
under the vessel so that the flow of blood through the artery could be tem- 
porarily stopped by a lift on the aneurysm needle. With the flow thus 
occluded the injection of 2 cc. of bacterial suspension was made by means 
of a hypodermic syringe fitted to a needle of small bore. The needle was 
withdrawn and the wound was packed tightly until oozing from the point 
of puncture had ceased. The operative field was antisepticized by puddling 
with hexylresorcinal or mercurochrome. The wound was closed in layers 
with interrupted silk sutures. 

After recovery from anesthesia the dogs were returned to the animal 
house and observed daily until they died or were chloroformed. The period 
of postoperative life varied from 12 hours to 14 days. Autopsies were 
performed promptly after death; the parotid glands were removed and 
inspected for gross manifestations of inflammation and suppuration. 
Sections were made of large areas of the glands for histologic study. 


First Experimental Group. ‘Ihe individual case histories and 
protocols of the dogs are noted below. 


Protocols. Dog 6. Male hound. Duet injection. Death in 12 hours. 

Friday, February 27. Right and left ducts were injected with 2 cc. of a 
24-hour broth culture of hemolytic Staphylococcus aureus of high virulence. 
The left duct was ligated; the right one not. 

Saturday, February 28. Autopsy revealed no signs of frank inflamma- 
tion or suppuration. 

Microscopic Findings. Right gland (unligated duct): The section of 
this gland shows many areas of cellular infiltration (chiefly neutrophils), 
suppuration, and necrosis. The exudate is noted in the parenchymatous 
tissue, but more especially in the ducts, and tissue immediately surrounding 
the ducts. The larger ducts show greatest degree of involvement and 
destruction of epithelial lining. 


* The culture of low virulence failed to kill a rabbit in 5 days under similar 
conditions 
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Destruction of the glandular tissue is widespread and varies in degree 
from cloudy swelling to complete necrosis. Some few areas of the tissue 
are perfectly normal. 

Left gland (duct ligated): The picture is the same as above but more 
widespread; the degeneration of parenchymatous tissue is so marked that 
relatively few gland cells are evident and the necrosis of the lining of the 
ducts is much more severe. 

Dog 5. Male hound. Duct injection. Death in 12 hours. 

Friday, February 27. The right duct was injected with 2 ec. of a 24-hour 
broth culture of hemolytic Staphylococcus aureus of high virulence; the 
duct was ligated. 

February 28. Autopsy revealed no gross evidences of inflammation. 

Microscopic Findings. ‘The section from this gland shows widespread 
infiltration by polymorphonuclear leukocytes and a few round cells through- 
out the parenchyma, especially in the ducts and periductal tissue; the 
destruction of the glandular tissue has advanced to such an extent that in 
no area can normal structure be recognized. There is no involvement of 
the bloodvessels. Most of the ducts are greatly distended with purulent 
exudate; in some places the epithelial lining of the ducts shows breaks which 
result in a flooding of surrounding glandular tissue with exudate. 

Dog. 644. Iemale hound. Duct injection. Death in 36 hours. 

February 27. An injection was made into both ducts of 2 ce. of a 24- 
hour broth culture of hemolytic Staphylococcus aureus of high virulence. 

The left duct was ligated; the right one not. 

March a The dog died during the preceding night. 

March 2. Autopsy showed no gross indications of suppuration or inflam- 
mation. 

Microscopic Findings. Right gland (duct unligated): There is no sign 
of inflammation; there are no leukocytes in the ducts or other parts of the 
gland. The tissue appears normal throughout. 

Left gland (duct ligated). The larger ducts are filled with a cellular 
exudate consisting of many polymorphonuclear leukocytes and a few round 
cells. There is cellular infiltration into the periductal tissue; these areas 
show almost complete necrosis with little of the glandular element remaining. 
Some portions of the gland appear normal. 

The bloodvessels are normal. 

Dog. 784. Female fox terrier. Duct injection. Death in 1} days. 

March 9. Injected Stensen’s duct on each side with 1 ec. saline suspen- 
sion of stock culture of hemolytic Staphylococcus aureus of low virulence. 

oth ducts were ligated after the injection was made. 

During the following 5 days the dog showed symptoms of a progressive 

xemia, becoming gradually more lethargic and weak. 

March 14. The dog died during the preceding night having survived the 
njection 43 days. 

At autopsy there was moderate suppuration of the left gland and its duct, 

nd extensive suppuration of the right. On section of the latter gland con- 
lerable quantities of pus could be expelled. 

Microscopic Findings. Right gland. Most of the parenchyma is involved 

the suppurative process. The walls of many of the largest ducts are 

cidedly necrotic; many whole lobules of the gland appear as small ab- 
esses centering about their ducts. 

\ few of the lobules appear normal except for the presence of cellular 

idate in the ducts. 

Left gland. The same picture is seen here as in the right gland, except 

it the periductal infiltration and necrosis is less marked. 

Dog. 673. Male terrier. Arterial injection. Death in 12 hours. 

Friday, February 27. The right superficial temporal artery was injected 
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with 2 ec. of 24-hour broth culture of hemolytic Staphylococcus aureus of 
high virulence. 

Saturday, February 28. Death occurred in 12 hours. Autopsy showed 
no gross evidences of inflammiation or suppuration. 

Microscopic Findings. There were no signs of inflammation, no hemor 
rhage, no leukocytic infiltration of any type, no areas of glandular necrosis 
no evidences of bacteria in the ducts, vessels or alveoli. The tissue appeared 
entirely normal. 

Dog 693. Malehound. Arterial injection. Death in 36 hours. 

Friday, February 27. The injection of 2 ec. of a 24-hour broth culture 
of hemolytic Staphylococcus aureus of high virulence was made into the 
right superficial temporal artery. 

Sunday, March 1. The dog died during the preceding night 

Monday, March 2. Autopsy revealed patchy consolidation of both 
lungs. The right parotid gland was removed and inspected; no signs of 
inflammation or suppuration were seen. 

Microscopic Findings. The glandular tissue shows no signs of suppura 
tion or inflammation. There are no evidences of bacteria in or surrounding 
the ducts. 

The periglandular connective tissue shows marked hyperemia with som 
hemorrhage. 

Dog 782. Femaleterrier. Arterial injection. Death in 4 day 

March 26. The right superficial temporal artery was injected with 2 cc 
of 24-hour broth culture of hemolytic Staphylococcus aureus of high viru 
lence. 

March 30. During the 4 days following injection, the dog grew progres 
sively weaker. The animal was chloroformed today. Both parotid glands 
were removed and inspected. Neither exhibited any gross manifestations 
of suppuration or inflammation. 

Microscopic Findings. Right gla? d. In general the glandular tissue Is 
free from any evidence of inflammation. However, a number of areas about 
the smaller ducts show a limited infiltration with lymphocytes and macro 
phages, but no necrosis of glandular tissue. Several large ducts contain a 
few polymorphonuclear leukocytes. Throughout the section small blood 
vessels are noted in which the endothelial lining appears hyperplastic and 


swollen. In the lumens of these vessels erythrocytes are adherent to the 


intima, in some cases appearing to have broken down, forming an annular 
hyalinized mass, possibly representing early thrombi. 

Left gland. There are no areas of suppuration or necrosis. There are 
occasional monocytes in the tissue surrounding some of the larger ducts 
A few of the ducts contain an occasional polymorphonuclear leukocyte. 

Dog 910. Female collie. Arterial injection. Death in 5 days 

Friday, April 10. The right superficial temporal artery was injected 
with 1 ce. of a 24-hour broth culture of mixed hemolytic Staphylococcus 
aureus and Pneumococcus obtained from a human case of acute suppurative 
parotitis. 

Wednesday, April 15. The dog, apparently in good condition, was 
chloroformed and autopsied. The right parotid gland was removed. There 
was no evidence of inflammation or suppuration on gross inspection. 

Microscopic Examination (Frozen section). There were no inflammatory 
changes noted in the gland. 

Dog 898. Male police dog. Arterial injection. Death in 7 days. 

Friday, April 10. The right superficial temporal artery was injecte: 
with 1 cc. of a 24-hour culture of Staphylococcus aureus and Pneumo- 
coccus (as in No. 910). 

Friday, April ive Dog in good condition. Chloroformed and autops 
performed; inspection of the right gland revealed no gross manifestation: 
of inflammation or suppuration. 
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TOSCO PU nation, he Irozen section in this case showed a gland 
apparently normal in all respects; no evidence of parenchymatous degenera- 
tion or leukocytie infiltration was noted 

Dog 807. Maleshepherd. Arterial injection. Death in 7 da 

Wednesday. Mareh 25 Cuven 30 ee. of castor oil, and placed on a solid 
diet with no liquid intake 

Thursday, March 26. The right sup rficial te mporal artery was injected 
with 2 ce. of a broth culture of hemolvtic Staphvlococcus aureus of high 
virulence. The operation was not wholly successful, due to difficulty in 
injecting an unusually small artery. The procedure was repeated on the 
opposite side. 

Thursday, April 2. The dog died during precedin avs after 
the injection. At autopsy, both parotids were removed, neither one showing 


| 
night, ad 


inv gross evidences of suppuration or necrosis. 
Vicro copie Find ng Left giand, No inflammation no necrosis no 
uppuration. Right gland, normal, no inflammatory changes 


Dog Shepherd. njection, De ns 


February 27. Both right and left superficial temporal arteries were 
ected with 2 ce. of 24-hour broth culture of hemolytic Staphylococcus 


iureus of high virulence. 
March 6. During the first 3 days following the injections the animal 


ippeared toxic, after which a gradual in provement Was noted ‘Today 
ippears In good condition 

March 7. The dog was chlor rmead \t autops t the right and 
ft glands were removed and inspected. No gross evidences of suppuration 


vere noted. 
Vicroscopic Finding Left q Three adjacent lobules show a 
juite marked inflammatory process. The ducts contain many polymorpho- 
it lear neutrophils The epithelial lining of these ducts is intact exce pt 
a rtew points where leukoevtes are passing between thr epithelial cells 
pparently engaged in diapedetic movement toward the lumens of the 
icts. Neutrophils are seen but rarely in the periductal tissu except in 


reas between vessels and ducts. In the periductal parenchyma there are 
irge numbers of monocytes and lvmphoevtes. In these areas there are 
it few signs of necrosis of the glandular tissue 
Che endothelial lining of the bloodvessels shows some swelling. and 1} vper- 
isia. Many of the ervthrocvtes in the lumens of the vessels are adherent 
the intima \ few polymorphonuclears are seen in the lumens of the 


] 


Che remainder of the gland is normal except for a scattered round-cell 
filtration. 

R ght gland, There is one small area composed of several lobule s that 
ow inflammation even more marked than that in the left gland. The 
ne characteristics are seen: slight hy perplasia of the endothelium of the 
‘Is, migration of polymorphonuclears from the vessels toward the 
ljacent ducts, a small number of polymorphonuclears in the ducts, very 

polymorphonuclears throughout the glandular tissue, little necrosis or 

egeneration of glandular tissue, no abnormalities in the epithelium of the 
cts, and widespread periductal infiltration with monocytes and lympho- 
tes (Figs. 3 and 4). 

Dog 760. Male shepherd irterial injection. Death in 12 days. 
Wednesday, March 25 The dog Was placed on a solid diet with ho 
ter for 24 hours preceding operation. A dose of 30 ec. of castor oil was 
ministered orally. 

Chursday, March 26. An injection of 2 ec. of a 24-hour broth culture of 
molytie Staphylococcus aureus was made into the right superior temporal 
ery. The bacteria were of high virulence. 
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Tuesday, April 7. The animal was chloroformed and autopsied. Both 
right and left parotid glands were removed and inspected. No gross signs 
of suppuration or inflammation were noted. 

Microscopic Findings. Left gland (uninjected). Histologically normal. 
Right gland (injected). Histologically normal. 

Dog 814. Male fox terrier. Arterial injection. Death in 14 days. 

Thursday, March 26. The right superior temporal artery was injected 
with 2 cc. of a 24-hour broth culture of virulent hemolytic Staphylococcus 
aureus. 

Thursday, April9. The dog was chloroformed and autopsied. The right 
parotid gland showed no gross indication of any pathologic change. 

Microscopic Findings. No indications of inflammatory change; gland is 
normal in all respects. 


Discussion of First Experimental Group. All but one of the glands 
injected with bacteria through the ducts showed marked suppura- 
tion; two of the eleven arterial injections resulted in recognizable 
inflammation. 

In the series of seven duct injections five were ligated. The 
histologic picture in all of these five was identical, varying only in 
degree of inflammation. The ducts were distended with a purulent 
exudate, most extensive in the larger channels, gradually lessening 
in amount as the finer radicals were approached. At many points 
the duct walls were destroyed and the suppurative process extended 
into the surrounding. glandular tissue. The cells of the intraductal 
exudate were almost exclusively neutrophils; of the periductal exu- 
date there was an intermingling of monocytes and lymphocytes. 
The glandular tissue showed extensive degeneration and necrosis, 
in 1 case actual abscess formation. ‘The bloodvessels showed no 
changes. 

- Two duct injections were not followed by ligation of the ducts. 
One of these glands showed an acute suppurative process similar to 
and quite as extensive as seen in the cases in which ligation was 
performed. There was no evidence of inflammation, however, in 
the second. 

Nine of the glands the nutrient arteries of which were injected with 
bacteria showed no pathologic changes, except for a slight round- 
cell infiltration and vascular endothelial hyperplasia in 1 case (Dog 
782). In each parotid of Dog 7, after a bilateral arterial injection, 
there was a marked inflammatory reaction, locally limited to several 
lobules. Here the inflammation was periductal, characterized by 
an extensive mononuclear infiltration. The smaller ducts contained 
neutrophilic exudate, but there was no destruction of the lining 
epithelium. The large ducts appeared normal. The intima of the 
arterioles showed swelling and hyperplasia. 

From this series it is evident that the parotid gland is more readily 
infected through its duct than through the blood stream and that 
the pathologic picture in each mode of infection is not identical. 

Second Experimental Group. In this group of 7 animals variations 
of the previous procedures were performed, as well as repetition of 
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the methods used in the first group in several instances. It was 
thought advisable to note the effect of simple ligation of the duct 
without injection. To determine whether the local resistance of 
the gland was lowered sufficiently by bacterial toxins to allow ascent 
of infection from the mouth, the arteries were injected with a filtrate 
of 5-day bacterial growth. To provide a coarse suspension of 
bacteria for injection into the arteries the organisms were agglu- 
tinated by incubation in serum before use. An arterial injection 
was made in a gland, the duct of which was ligated. In the same 
animal the opposite duct was injected with bacteria. In addition, 
a simple arterial injection and an unligated duct injection was 
performed as before. 

The results of these procedures are noted in the individual animal 
records noted below: 


Protocols. Dog 1099. Arterial injection. Death in 9 days. 

June 2. A bilateral injection of 2 cc. of a 24-hour broth culture of hemo- 
lytic Staphylococcus aureus of high virulence was made into the superficial 
temporal arteries. 

a 11. Autopsy performed. No gross suppuration noted in either 
and. 

, Microscopic Findings. Right gland. Shows a slight mononuclear infil- 

tration about some of the smaller ducts, but appears normal otherwise. 

Left gland. There is an extensive subacute inflammatory reaction 
throughout the gland, centering about the smaller ducts, in general. Much 
of this periductal exudate is mononuclear. The smaller ducts contain clumps 
of polymorphonyclear leukocytes and show slight hyperplasia of the lining 
epithelium. The larger ducts contain no exudate and their walls are intact. 
The arteriolar endothelium is hyperplastic. These changes are pictured in 
Fig. 2; they are characteristic of hematogenous parotitis. 

Dog 1098. Unilaterial arterial injection with ligated duct. Death in 2 
days. Unilateral duct injection with duct ligated. 

June 2. The artery of the right gland injected with 2 cc. of a 24-hour 
broth culture of hemolytic Staphylococcus aureus of high virulence. The 
duct of the gland ligated. 

The duct of the left gland injected with 2 cc. of the same culture and the 
duct ligated. 

Bay 4. Autopsy performed. No gross suppuration noted in either 
glan 

Microscopic Findings. Right gland. There is moderate desquamation 
of the epithelial lining of the ducts but no evidence of inflammation. 

Left gland. The ducts are filled with a purulent exudate, most marked in 
the larger branches, less in the terminal branches. The epithelial lining of 
the former is markedly damaged, in some places completely desquamated, 
in others flattened and degenerated. The periductal tissue shows moderate 
infiltration by neutrophils and a few mononuclear cells. The glandular 
elements are slightly degenerated, but the process has not proceeded to 
actual necrosis and abscess formation as seen in several earlier cases. The 
bloodvessels show no changes. Fig. 1 shows the histologic picture seen in this 
gland; it is characteristic of the early changes in ductogenous parotitis. 

Dog 700. Bilateral duct ligation. No injection. Death in 4 days. 

June 1. The ducts of each parotid gland ligated. 

June 5. Autopsy performed. No gross changes noted in either gland. 
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Microscopic Findings. The right gland shows slight hyperplasia and 
degeneration of the lining epithelium of the ducts with suggestion of des- 
quamation. The left gland appears normal histologically. No inflammatory 
change is noted in either. 

Dog 1104. Bilateral arterial injection of bacterial filtrate. Death in 1 
day. 

June 4. The artery to each parotid gland injected with 2 cc. of a Berke- 
feld filtrate of a 5-day broth culture of virulent hemolytic Staphylococcus 
aureus. 

June 5. Autopsy performed. No changes noted in either gland. 

Microscopic Findings. The histologic picture in each gland was normal. 

Dog 1081. Bilateral arterial injection of bacterial filtrate. Death in 7 
days. 

June 4. Procedure similar to 1104 performed. 

June 11. Autopsy performed. Neither gland showed any gross change. 

Microscopic Findings. No evidence of inflammation or degeneration is 
seen in either gland. 

Dog 984. Bilateral arterial injection of agglutinated bacteria. Death 
in 9 days. 

June 8. Each superficial temporal artery injected with 2 cc. of a 48- 
hour broth culture of hemolytic Staphylococcus aureus that had been incu- 
bated for 24 hours with equal parts of dog serum, producing definite floccu- 
lation. 

June 17. Autopsy performed. Each gland appeared grossly normal. 

Microscopic Findings. No histologic change can be seen in either gland. 

Dog 631. Bilateral duct injection without ligation. Death in 7 days. 

June 1. The duct of each parotid gland was injected with 2 ce. of a 
24-hour culture of hemolytic Staphylococcus aureus of high virulence. The 
ducts were not ligated. 

June 8. Autopsy performed. No evidence of inflammation noted in 
either gland. 

Microscopic Findings. Neither gland showed histologic evidence of 
inflammation. 


Discussion of Second Experimental Group. In this group further 
evidence has been obtained that the histologic picture in hemato- 
genous and in ductogenous parotitis is not identical. This is clearly 
illustrated in Figs. 1 and 2 and discussed in the protocols of Dogs 
1098 and 1099. It has been shown that simple ligation of the duct 
of the parotid gland is followed by no inflammatory change in a 
period of 4 days; that injection of bacterial filtrate does not lower the 
resistance of the gland sufficiently to permit invasion by organisms 
resident in the mouth and in Stensen’s duct; that injection of 
clumped bacteria did not produce inflammatory changes in the 
glands. 

Summary. In 7 instances out of 10 following injection of bacteria 
into Stensen’s duct acute suppurative parotitis was produced. On 
the other hand, in 3 instances out of 15 following injection of bac- 
teria into the nutrient artery of the parotid gland an acute suppura- 
tive parotitis of much less intensity was produced. In 2 other 
of these 15 cases a slight mononuclear infiltration was noted. 
Single controls of ligation of the duct alone, injection of bacterial 
filtrate and of clumped bacteria into the artery did not produce 
parotitis. 
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The histopathologic picture differs in glands infected through the 
duct and through the blood stream, as tabulated below: 


Ductogenous parotitis. 


. Distention of ducts with purulent 
exudate. 


. Large ducts involved most exten- 
sively, small radicals least. 


3. Extensive destruction of duct epi- 


thelium. 

. Periductal. reaction most promi- 
nent where duct wall is broken. 
. Periductal cell reaction chiefly 
neutrophilic. 

. No changes in bloodvessels. 


Hematogenous parotitis. 


. Purulent exudate in ducts less 


marked. Ducts dis- 
tended. 


. Large ducts relatively un- 


changed. Small radicals 


chiefly involved. 


. Epithelial lining of ducts intact, 


or occasionally hyperplastic. 


. Periductal reaction more uni- 


form in distribution. 


. Periductal cell reaction chiefly 


mononuclear. 


. Swelling and hyperplasia of 


arteriolar endothelium with 
occasional beginning annular 
thrombus formation. 


Conclusions. 1. Acute suppurative parotitis can be produced by 
injection of bacteria into Stensen’s duct, or by injection of bacteria 
into the nutrient artery of the parotid gland. 

2. Infection of the gland is produced with much greater facility 
through the duct. 

3. The histopathologic picture in the 2 cases is dissimilar. 


BIBLIOGRAPHY. 


. Wagner, G. A.: Wien. klin. Wchnschr., 1904, 17, 1407. 
2. Blair, V. P., and Padgett, E. C.: Arch. Surg., 1923, 7, 1. 
3. Custer, R. P.: Am: J. Men. Sct., 1931, 182, 649. 

. Claissé and Dupré: Arch. de méd. expér., 1894, 6, 250. 

. Rost, F.: Deutsch. Ztschr. f. Chir., 1914, 130, 305. 


ACUTE SUPPURATIVE PAROTITIS. 


A PATHOLOGIC AND BIBLIOGRAPHIC STUDY WITH REPORT OF 
Two CASEs. 


By R. P. Custer, M.D., 


ASSOCIATE IN RESEARCH PATHOLOGY, UNIVERSITY OF PENNSYLVANIA, AND CHIEF OF 
THE DIVISION OF PATHOLOGY, PHILADELPHIA GENERAL HOSPITAL, PHILADELPHIA. 


(From the Pathologisch-anatomisches Institut der Universitit Innsbruck, 
(Austria), Prof. Dr. F. J. Lang, Director.) 


SINCE the first accurate pathologic study of acute suppurative 
parotitis by Virchow, in 1858, one finds many additional descrip- 
tions of the pathological anatomy as well as clinical discussions of 
this disease. 
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The condition is one of great practical significance because it not 
infrequently follows surgical operations and occurs during the 
course of infectious diseases and debilitating conditions and occa- 
sionally develops primarily. The mortality is usually high, being 
estimated by Wagner at 30 per cent, by Blair and Padgett at 
42.8 per cent. 

The divergence of opinions held by the various authors appears 
to be confined to one question, viz.; the route of infection. Most 
observers hold that the invading organism ascends through the 
ducts, secondarily invading the gland tissue; others that the source 
of infection is hematogenous. The possibility of lymphogenous 
infection from the nose and throat has also been mentioned. Infec- 
tions of the gland by extension from surrounding structures are 
obvious and deserve mere mention. Of the relative merits of each 
of these views, more will be said later. 


Case Reports. Case 1.—J. A., a white male, aged 22 years, was admitted to 
the medical service of the Allgemeines Krankenhaus of Innsbruck on May 2, 
1930, complaining of abdominal pain, bloody diarrhea, and headache. 
During the month previous to admission he noted loss in weight and a pro- 
gressively increasing weakness, the latter becoming so pronounced that he 
was unable to continue work. This was followed by severe diarrhea with 
generalized abdominal pain and intense headache. Defecation was ex- 


tremely painful and the stools were bloody. 

Shortly before the onset of the present illness the patient had been treated 
in the Dermatologic Clinic for chronic eczema but had not been given mer- 
cury nor arsenic. Other than this, the personal history contained nothing 
of interest. 

The family history noted tuberculosis in immediate relatives but was 
otherwise negative. 

Physical examination on admission showed a well developed but under- 
nourished young adult male who appeared quite ill. The head and neck 
were negative; the teeth ill-kept and carious. The heart and lungs were 
normal. Abdominal examination revealed generalized tympany without 
rigidity, local or generalized tenderness. The spleen was palpably enlarged. 
There were no other findings of significance. 

The urine contained a cloud of albumin, hyalin casts and many red and 
white blood cells. The hemoglobin was 61 per cent, red cell count 4,410,000, 
and white cell count 18,800. The differential count showed 78 per cent 
polymorphonuclear leukocytes, of which 14 per cent were young forms. 
The stools were hypocholic and bloody. Study of the sputum, urine and 
stool was negative for Bacillus tuberculosis. Sigmoidoscopy revealed noth- 
ing but acute inflammation of the mucosa. 

The patient appeared to improve until May 9, from which time his con- 
dition grew gradually worse. He did not tolerate even liquid diet and con- 
sequently the fluid intake was small. The urine showed great numbers of 
hyalin casts and an increasing amount of albumin, finally reaching 12 per 
cent (Esbach). The total white ceil count remained constant but the poly- 
morphonuclears fell to 43 per cent and the young forms to 3 per cent. There 
was a corresponding increase in lymphocytes to 46 per cent. Fever had not 
been a particularly marked feature, but on May 29 the temperature rose to 
38° C. and swelling and tenderness of the right parotid gland first appeared. The 
swelling in the parotid region rapidly increased, the temperature mounted 
and the patient died May 31. 
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It is of interest to note that the etiology of the enteritis could not be 
determined. Many clinicopathologic studies were performed during life 
and a careful bacteriologic examination was made of a sealed loop of small 
intestine removed at autopsy. All of these tests were negative for a causa- 
tive factor. It was considered finally to be secondary to the nephrosis, 
i. @., the so-called “uremic enteritis.” 

The autopsy (No. 19163/219) showed basal bronchopneumonia with 
moderate bilateral hydrothorax; myocardial degeneration and hydroperi- 
cardium; acute, necrotic, hemorrhagic enteritis with marked hyperplasia 
of the mesenteric and paravertebral lymph nodes; passive congestion and 
early amyloid change on the liver; splenomegaly; extremely marked amyloid 
nephrosis. In the buccal mucosa were aphthous ulcers and the tonsils were 
inflamed. 

The right parotid gland was enlarged and firm, the cut surface being 
mottled yellow and gray. Hemorrhage in the trabecule was evident. 
Purulent exudate could be expressed from the larger ducts. 

The histologic picture of the parotid gland was clear-cut because the con- 
dition had existed clinically but 2 days. Diffuse necrosis and suppuration 
has not yet occurred. 

The changes in and about the ducts constitute the chief lesion in this case. 
The severity of the process is most marked in the larger ducts, the smaller 
radicals being least involved. The ducts in general are filled with a purulent 
exudate, the larger being distended to such an extent that the epithelial cells 
are quite flattened. Where the epithelial lining of the ducts maintains its 
continuity, the periductal necrosis and cellular infiltration is slight or 
absent. However, at many points destruction of the epithelium has occurred 
and through these gaps the infection has penetrated into the surrounding 
glandular tissue (Fig. 2). Fig. 1 gives an excellent topographic view of 
the picture seen throughout the gland. The inflammatory cells present 
within the ducts are polymorphonuclear leukocytes, while the cellular collar 
about the ducts is composed mostly of large mononuclears. 

In some of the larger ducts, colonies of bacteria are seen in the hema- 
toxylin-eosin preparations, particularly i in those ducts where the infection 
is most intense. When sections are stained by the Gram method, smaller 
numbers of bacteria are visible in all of the ducts, but the glandular tissue 
is bacteria-free. Unfortunately, cultures from the gland were not taken 
at autopsy, but the organisms, from their morphology and manner of coloni- 
zation in the tissue, appear to be staphylococci. 

The glandular tissue is not constantly involved in the inflammatory 
process. In many situations the parenchyma about the pus-filled ducts is 
normal, except for a slight infiltration with mononuclear wandering cells. 
In these ducts, the lining epithelium is always intact. 

When the epithelium of the duct is destroyed, the infection spreads to 
the adjacent glandular tissue, this latter tissue is infiltrated with mono- 
nuclear cells and ultimately undergoes necrosis. In general, however, the 
destruction of glandular elements is relatively slight. 

The changes in and about the vessels are inconspicuous (Fig. 3). Where the 
vessels lie in close proximity to an infected duct, a cellular exudate is present 
about them. This exudate is usually mononuclear and the cells are accu- 
mulated along the side of the vessel adjacent to the duct. The veins con- 
tain many leukocytes, chiefly in a marginal position. There are no throm- 
boses nor infarcts. 

In the stroma the most conspicuous feature is extensive hemorrhage, 
such extravasations being found in the larger trabecule. Extension of the 
infection into the connective tissue about the larger ducts has occurred 
following destruction of the epithelial lining (Fig. 4). 

Casg 2.—M.5S., a white female, aged 54 years, was admitted to the 
medical service of the Allgemeines Krankenhaus of Innsbruck on May 15, 
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1930, complaining of pain, swelling and redness of the left foot and leg, 
chills and fever. Four days before admission, the area about a previous 
slight injury suddenly became inflamed and the process extended to the 
knee within the next 3 days, the margin being sharply demarcated. The 
foot and leg were swollen, bright red in color and extremely painful. Gen- 
eral febrile reaction was pronounced. 

The personal and family histories were negative. 

The important physical findings were the typical lesion of erysipelas 
involving the left foot and leg, ending abruptly at the knee. The heart 
was enlarged to the left and there were basal rales in both lungs. The 
mouth was extremely dry and aphthous ulcers were present in the buccal 
mucosa. 

The leukocyte count on admission was 16,200. The blood cultures were 
sterile. 

The inflammatory process rapidly extended to the left thigh and buttock 
and, on May 22, the left parotid gland became swollen tense and painful. 
The leukocyte count rose to 32,000 (88 per cent polymorphonuclears). 
The parotitis became more intense and the patient’s general condition 
grew rapidly worse. She died May 27, 5 days after the onset of the parotitis. 

At autopsy the chief pathologic findings, aside from the lesion of erysipelas 
in the left lower extremity, were hypertrophic fatty heart, acute pulmonary 
edema, fatty liver, nephrosis and general arteriosclerosis. 

Over the left parotid region were pus-filled blebs and the gland itself 
showed suppurative softening. The cut surface was mottled and pin-head 
sized areas of abscess formation from which pus exuded were seen. 

The microscopic findings are not so definite as in Case 1, as the process 
has proceeded to more definite necrosis and abscess formation. However, 
a certain amount of information is gained from histologic study. 

The ducts appear to be the center of the infectious process and the more 
advanced abscesses center about the large radicals. Great clumps of bac- 
teria are visible in the ducts (Fig. 5) and in many places the bacterial growth 
extends into the surrounding glandular tissue with necrosis and liquefaction 
of the latter. Asin Case 1, the organisms are Gram-positive cocci that 
appear morphologically to be staphylococci. Sections from the skin and 
subcutaneous tissue of the left thigh show Gram-positive cocci in chains, 
having a tendency to spread diffusely rather than clump, suggesting strepto- 
cocci. 

The parenchymal elements are all involved in varying degrees but the 
degeneration and necrosis becomes more marked as the center of the lobule 
is approached. 

As before, the vessels are relatively unaltered and there are no thromboses 
nor infarcts. 

The stroma does not show the hemorrhage as in Case 1, but a moderate 
degree of edema and mononuclear cell infiltration are present, particularly 
in the fibrous elements that support the main ducts. 


Summary of Case Reports. Case 1 demonstrates the occurrence 
of acute suppurative parotitis during the course of amyloid nephro- 
sis with hemorrhagic enteritis. ‘The infectious process in the gland 
centers about the ducts and the causative organism appears morpho- 
logically to be a staphylococcus. The etiology of the enteritis was 
apparently nonbacterial and the clinical picture was not that of 
staphylococcus septicemia. 

Case 2 presents the complication of acute suppurative parotitis 
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occurring with erysipelas of the leg. Here, also, the inflammation 
centers about the ducts and the bacteriologic findings in the tissue 
of the gland and of the leg are dissimilar. 

In each case the bloodvessels show no damage and there are no 
thrombotic nor embolic lesions. 

Literature. Virchow, in 1858, studied a series of 18 cases of 
acute parotitis. He described small abscesses in the wall of Sten- 
sen’s duct and believed the infection to be ductogenous. The 
glandular epithelium he observed to have undergone first a fatty 
degeneration; later actual necrosis. Further stages of the infec- 
tious process he describes thus: “Die Driisenléppchen durch eine 
Erweichung, eine Art von Schmelzung, welche ihre Produkte mit 
dem Eiter der Kanile mischt und leicht den Eindruck macht, als 
seien die Driisenk6rnchen direkt in kleine Abszesse umgewandelt 
zerstort.” 

Previous to this work the gross pathologic picture of the condition 
had been described best by Sir Benjamin Brodie, in 1834, who 
stated: “On opening the body after death matter is found depos- 
ited in small portions throughout the interstitial substance of the 
gland itself and specks of matter appear here and there, poured out 
on pressure from various parts.” 

Rindfleisch (1878), after microscopic study of acute parotitis 
occurring during infectious diseases, remarked that the larger ducts 
were distended with pus and the finer radicals and acini were filled 
sometimes with swollen glandular epithelium and sometimes with 
leukocytes (with or without necrosis of the desquamated epithelium). 
Later, suppuration occurred, sometimes to the extent that the entire 
gland was converted into a large abscess. 

Wendt (1880) observed the inflammatory process to begin with 
a hyperemia, edema and exudation of red and white blood cells in 
the stroma about the glandular elements. The next change oc- 
curred in and about the ducts; these were filled with a purulent 
exudate and desquamated duct epithelium. Later, the glandular 
elements themselves became involved in the necrotic process, 
together with the connective tissue. 

Orth (1887) made similar observations noting the first changes 
to be in the ducts, the glandular and connective-tissue changes 
occurring secondarily. 

Hanau (1889) noted that the walls of the larger ducts that run 
through the fibrous septa of the gland were infiltrated with leuko- 
cytes and the epithelial lining cells was flattened by distention with 
purulent exudate containing cocci. As the process proceeded, the 
destruction of the duct walls became so marked that the identity 
of the structures was lost. The small intralobular ducts were later 
involved and became the center of intralobular abscesses which 
coalesced and large abscess cavities were formed. 

Nicol (1912), in a series of 5 cases, noted the beginning of the 
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infectious process in the large ducts and its spread throughout the 
smaller radicals, finally including the secretory elements proper. 
He observed also the presence of cocci in the exudate in the ducts, 
but was unable to demonstrate organisms in the gland tissue. 

Heineke (1913) referred to the findings of the preceding authors 
and others and supplemented them with his own observations. He 
concluded that, with very few exceptions, the evidence favored the 
view of ascending infection. 

Bonnet-Roy (1921), as well, remarked that the changes centered 
mostly about the ducts. 

Analogies have been drawn between ‘infection of the parotid 
gland and suppurative processes in similar anatomic structures. 
Klebs, for example, mentions ascending infection through the 
ureter with production of pyelonephritis (as does Nicol), and 
Bumm believes the occurrence of puerperal mastitis and sebaceous 
gland furuncles to be like processes. 

Many authors have commented upon the condition from a bac- 
teriologic standpoint. Bacteria have been demonstrated in the 
larger ducts under physiologic conditions (Galippe, Ginner, Cornil 
and Ranvier) but not in the middle-sized and small radicals, nor 
in the gland tissue proper. The likelihood of the propagation and 
increase in virulence of these organisms and their dissemination 
through the gland, concomitant with lowered resistance of the body 
through general illness, or of the gland alone through trauma, has 
been thought quite probable. 

Most observers who have studied the bacteriology of the exudate 
and tissue of the infected parotid gland have not been able to cor- 
relate their findings with the bacteriology of the general illness 
except in rare instances (Dunin, Heineke and others). This posi- 
tive correlation is most frequent in typhoid fever (Janowski) and 
has been occasionally seen in gonorrhea (Colombini, Power, Wittwer). 
The chief findings, however, have been staphylococci, streptococci, 
diplococci and bacillus colli. 

F. J. Lang (1929), after an exhaustive review of the literature 
and a survey of a number of his own cases, has concluded that the 
anatomic and bacteriologic evidence favors the view of ascending 
infection in nearly all instances. 

Boyd says: “The infection may come from the blood stream, 
as in acute fevers or in pyemia, or from the surrounding structures. 
Infection from the mouth by way of Stensen’s duct is the most 
obvious and important method. The most frequent invaders are 
the staphylococcus aureus and the pneumococcus.”’ 

Two cases have been reported in which anatomic findings would 
suggest hematogenous infection. The first of these (Sabrazes and 
Faguet, 1894) was the instance of complete suppuration of a lobule 
of the parotid with absence of pus in Stensen’s duct. In the second 
(Roberts, cited by Claissé and Dupré, 1894) the parotid veins and 
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veins in the neck were filled with pus. In neither case was histo- 
logic study made and Rost has dismissed them as questionable 
evidence on this account. 

On the other hand, Kiittner believes the hematogenous origin of 
the infection to be far more common than is ordinarily supposed 
and does not think anatomic findings to be sufficient evidence in 
favor of the previous view. 

Orth, in a later paper (1894) drew attention to a form of heiato- 
genous suppurative nephritis in which the organisms passed through 
the glomeruli and set up an inflammatory process in the collecting 
tubules. He thought that an analogy might be drawn between this 
phenomenon and that of suppurative parotitis. 

This latter view is supported by the experimental work of Rost 
(1914). He injected pure cultures of bacteria into the internal 
maxillarypartery (the blood supply of the parotid) of dogs and 
removed the glands between the third and fourteenth day. He 
found that the ducts alone were filled with pus and that no sup- 
purative thrombosis nor embolism had occurred. Injection of the 
artery showed an extremely rich blood supply of the gland and upon 
this factor depended the rapid production of pus in the ducts. 
From this work he concluded that there was no difference in the 
anatomic picture between infection of the gland through the ducts 
and through the blood stream. Similar experimental studies by 
Berndt, Buck, Buxton and the writer were performed and are 
reported in this issue (page 639). They will be discussed later. 

Dawydowskie, after a study of parotitis complicating typhus, 
believed that the lymphogenous route of infection from the nasal 
cavity is quite possible, as well as the ascending route. 

The literature holds accounts of a wide variety of conditions with 
which acute suppurative parotitis has occurred. 

Undoubtedly as a result of the interrelation of the parotid and the 
testicle and ovary in mumps that has been noted since the first 
observation by Hippocrates came the thought that the nonspecific 
inflammation of the gland bore the same relation. This view was 
championed chiefly by Munde, Moricke and Goodell, who individu- 
ally reported, between the years 1878 and 1881, a number of cases 
of parotitis following operations on the female genitalia. Subse- 
quent observations have shown this idea to be fallacious. 

In the surgical field parotitis has been seen principally following 
abdominal operations, most especially after those performed in 
septic areas, for example, in suppurative appendicitis, cholecystitis, 
gastric and urologic operations, etc. (Wagner, Heineke, Hanau, 
Orthner, Oehler, Valentin, Moéricke, Sinnecker, Clairmont and 
others). These authors, especially Heineke, believe that the ascend- 
ing route of infection is more likely, except Wagner, who thinks 
both ascending and hematogenous infections possible. Tebbs, 
Wittwer, Silbermann and Kagan and others are advocates of the 
hematogenous theory. 
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In nonsurgical conditions parotitis has been observed during the 
course of many acute and subacute infectious diseases. 

Typhoid fever stands in the foreground (Curschmann, Hoelscher, 
Mallory, Christeller), the parotitis appearing mostly as a unilateral 
involvement, but occasionally occurring bilaterally (Henke, Cahan- 
escu). It is most often a suppurative process (Rokitansky, Hoff- 
mann), but rarely appears as a hard, diffuse, interstitial, nonsuppura- 
tive inflammation (Henke). Bacteriologic study of the gland in 
typhoid fever has sometimes showed the presence of bacillus 
typhosus alone (Janowski), but the more frequent findings have been 
staphylococci and streptococci (Dunin, Fraenkel and Simmonds, 
Fraenkel, Bonardi, Flora e Silverstrini, Anton and Fiitterer, Cursch- 
mann, Schottmiiller and others). Anton and Fiitterer found 
staphylococci and streptococci together with bacillus typhosus. 

Typhus fever is not uncommonly complicated by parotitis 
(Dawydowskie, Werzblowski, Herzen, Zlocisti, Ceelen). These 
writers, in general, present evidence in favor of ascent of infection 
through the ducts. 

Heineke mentions a number of cases of purulent inflammation 
of the parotid occurring with lobar pneumonia, in some of which 
pneumococci as well as staphylococci were found in the purulent 
exudate. Seifert, however, does not think that this is evidence in 
favor of hematogenous infection, as the pneumococcus occurs in the 
normal bacterial flora of the mouth. 

The other infections with which the condition has been described 
are scarlet fever, diphtheria, variola, cholera, dysentery (Beitzke), 
glanders, malaria (McWalter, Seyfarth), plague, influenza, ery- 
sipelas, puerperal sepsis, infectious arthritis, appendicitis (Fiske), 
tuberculosis, tularemia (E. Francis) and Dengue fever (Kondoleon 
and Joannides), occurring either unilaterally or bilaterally. 

Blair and Padgett (1923) analyzed a series of 35 cases of acute 
pyogenic parotitis from a clinical point of view. They conclude 
that the condition is, in the great majority of cases, an ascending 
infection from the duct related to decreased salivary flow, fever and 
depressed general condition. Three of their cases presented evi- 
dence that the infection may have been blood-borne, but they state 
that absolute proof is lacking. Likewise, 1 case suggested the pos- 
sibility of lymphogenous transmission from an infected wound of 
the forehead. They also make the interesting observations of pre- 
dominant occurrence after the third decade and most frequent 
incidence between the months of November and April, when 
respiratory infections are most common. Pneumonia was present 
in 11 cases and 4 others gave a history of preceding “cold.” One- 
fifth of their cases were bilateral. The most common infecting 
organism was a staphylococcus and the mortality was 42.8 per cent. 

Parotitis not infrequently complicates chronic debilitating condi- 
tions, for example, chronic kidney disease, cirrhosis of the liver, 
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Fic. 1.—View of several lobules showing Fie. 2.—High power of outlined field in 
purulent exudate in the ducts, a collar of Fig. 1, showing a break in the duct epithelium 
mononuclear cells about the ducts and hemor- and extension of infection into the periductal 


thage in the interlobular trabecule. (Case 1.) tissue. (Case 1.) 


Fig. 3.—Relatively intact arteries and a vein with inflammatory cellular exudate 
chiefly adjacent to the duct. (Case 1.) 


Fic. 4.—Large branch of Stensen’s duct, showing extension of infection into the 
supporting connective tissue. (Case 1.) 


Fia. 5.—Early abscess, the center of which is a bacteria-filled duct. (Case 2. 
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cardiac disease, anemias (Fuhr), cachexia of malignancy, diabetes 
mellitus, paralyses, leukemias (Bickhardt, Heineke, Gigon and 
others) and advanced senility (Etienne) usually terminating fatally. 
Etienne noted that in senility the submaxillary and sublingual 
glands were more frequently involved than the parotid. Bickhardt 
described a case of parotitis occurring with lymphatic leukemia, in 
which the cells of the purulent exudate from the gland were exclu- 
sively lymphocytes. 

Suppurative inflammation of the parotid has been observed in 
the newborn and in suckling infants (Decker). Plewka described 
1 case and collected reports of 42 other cases in the literature, as 
well as 9 in which the other salivary glands were affected. Mikulicz 
and Kiimmel, on the other hand, have stated that the submaxillary 
and sublingual glands are more frequently infected than the parotid. 
The bacteria found in these cases were staphylococci, streptococci, 
diplococci, bacillus coli and oidium albicans. Plewka notes that 
most of the cases showed evidence that the infection was ascending 
from the mouth, although the possibility of hematogenous source 
was mentioned in several. Lequeux described a case of staphylo- 
coccus infection of the gland in an infant whose mother was suffering 
from staphylococcus mastitis. Brandt observed an acute suppura- 
tive parotitis in a 7-day old child with gonorrheal infection of the 
umbilicus. 

These infections in infants have been attributed to deficient 
function of the not yet fully developed salivary glands (Bret- 
schneider) and to the acid or neutral reaction of the saliva (Mikulicz 
and Kiimmel). 

Battaglia (1927), after production of experimental trypanosomi- 
asis, observed acute inflammation of the salivary glands, charac- 
terized by hyperemia, edema, leukocytic infiltration about the acini 
and ducts (chiefly round cell, eosinophilic and mast cell), degenera- 
tion of the epithelial elements and the finding of the trypanosome 
in the gland tissue. If the animal survived a chronic inflammation of 
the gland, productive in nature, resulted. In Madagascar, where 
trypanosomiasis is prevalent, this chronic inflammation is termed 
“mangy.” 

Heineke expressed doubt that diminution of salivary secretion by 
narcosis (chloroform, morphin, etc.) predisposed to acute parotitis. 
However, many substances excreted through the salivary glands 
(iodin, bromin, mercury, lead, quinin, etc.) may lower the resistance 
of the gland and render it more liable to infection from the mouth. 
In support of this, Eichhorst has reported a case of parotitis follow- 
ing acute mercury poisoning in a woman, aged 24 years. The 
enlarged and inflamed parotid showed, on histologic study, a peri- 
ductal infiltration with round cells and an intraductal inflammatory 
exudate. The glandular acini showed no change. This, he believed, 
bespoke stomatogenous infection. Aschoff, as well, observed paro- 
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titis following sublimate poisoning and expressed the view that the 
infection was probably ascending. 

A primary pyogenic parotitis does occur in otherwise healthy 
individuals. Its incidence is perhaps more frequent than is generally 
recognized because it tends to run a mild course and subside spon- 
taneously. Of 4 cases reported by Spurling and Stewart 3 recovered 
without operation. Direct extension of the infection along Sten- 
sen’s duct to the gland is considered the most likely etiologic 
explanation. 

Discussion. Since the experimental work of Rost it has been 
concluded by some that the anatomic picture of the gland in acute 
suppurative parotitis is quite the same whether the infection be 
hematogenous or ascending. Our own work has shown that the 
histopathologic findings are dissimilar in the two instances, that the 
hematogenous infection cannot be produced with the same facility 
as the ductogenous. The small ducts are involved early in the 
blood-borne infection, the large ducts late. On the other hand the 
findings in cases seen in early stages, viz., suppuration in and about 
the larger ducts alone, in more advanced cases: the finer radicals 
involved as well, still later the inclusion of the acini in the infectious 
process all speak for the advance of infection through the ducts. 

From the bacteriologic standpoint the failure to correlate the 
findings in the gland with those of the primary infection in most cases 
is strong evidence that the condition is not metastatic. Further- 
more, the organisms commonly observed in acute parotitis are those 
that normally exist in an avirulent state in the mouth and in the 
lower part of Stensen’s duct. 

_ Clinically there occur a number of factors that favor the ascent 
of infection into the gland. In acute general infections and in the 
chronic debilitating conditions as well there occurs a lowering of 
the general body resistance and often a relative increase in virulence 
of the normal bacterial flora of the mucous surfaces. Diminution in 
the salivary flow that occurs during the febrile state and following 
dehydration due to excessive vomiting or purging is quite as impor- 
tant a predisposing factor. In surgical cases, too, the salivary secre- 
tion is decreased because of vomiting and restriction of fluids. 
Reflex cessation of salivary flow to a more or less complete degree 
accompanies laparotomy and visceral manipulation (Pawlow). The 
first stage of general anesthesia is accompanied by profuse saliva- 
tion, but during the surgical stage the flow is absent and is very 
scant for some hours after operation. Pressure trauma to the gland 
itself during administration of anesthesia quite naturally lowers the 
resistance to infection; this, however, may apply quite as well to 
organisms circulating in the blood as to those present in the ducts. 

There are, however, certain facts that point to the hematogenous 

mode of infection and cannot be overlooked. First may be noted 


i 
} 
bi 
i 
i 
if 
q 
i 
i 
J 
i 


CUSTER: ACUTE SUPPURATIVE PAROTITIS 659 


Rost’s and our own experimental production of parotitis by injec- 
tion of organisms into the nutrient artery. The fact that the parotid 
alone is involved in the vast majority of cases, the submaxillary and 
sublingual being quite unaffected, may well be construed as a pre- 
dilection of the gland for organisms in the blood stream; this 
phenomenon is not uncommon in other tissues. 

Post-operative parotitis occurs much more frequently when the 
operation has been carried out in a septic field and very often 
begins quite some days after the operation. Both of these observa- 
tions have been considered favorable evidence of metastatic infec- 
tion. The sudden onset with high fever and the high mortality 
have been thought to be more characteristic of sepsis than of local 
infection. 

The 2 cases presented correspond anatomically to the descriptions 
of most of the earlier observers. Viewed from anatomic, bacterio- 
logic and clinical standpoints, one might well believe that the 
infection in these glands was an ascending one. 

Conclusions. 1. Acute suppurative parotitis occurs as a com- 
plicating and often terminal infection in a wide variety of conditions. 

2. Most observers have considered the infection to be ducto- 
genous in the vast majority of cases, though a frequent hematogen- 
ous origin is maintained by some. 

3. Evidence in favor of each of these views ; has been presented. 

4. Two cases of acute suppurative parotitis are reported i in which 
the evidence favors ascending infection. 


Norre.—I am indebted to Prof. Dr. F. J. Lang and Dr. W. C. von Glahn for 
their invaluable assistance. 
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THE passage of fat and muscle fibers in the stools of patients with 
carcinoma of the pancreas is a frequent development of the disease. 
On the other hand, for the growth to progress far enough to produce 
diabetes is extremely rare. Warren,' though he states that carci- 
noma of the pancreas is of relatively more frequent occurrence in 
diabetics than in individuals in general, found no case of diabetes 
resulting from carcinoma in his recently reported series of 300 
autopsied cases. In our patient the diabetes was unquestionably 
due to tumor encroachment. The carcinoma was slow-growing and 
relatively benign so that years of fairly comfortable living were 
alowed, and the patient was followed in the Massachusetts General 
Hospital for four years, from cholecystogastrostomy to death. Dur- 
ing many months of this time he was carefully studied on the wards 
in an attempt to overcome the handicap of an insufficiency of both 
internal and external pancreatic secretions. So successful was this 
attempt, by a somewhat unusual method, that we feel the case 
worthy of report. We present it for what encouragement it may 
lend to the active treatment of a particularly distressing and hope- 
less form of malignant disease, as well as for what it may suggest 
or support in methods of diabetic treatment and in the management 
of pancreatogenous diarrhea. 


Report of Case. S. M. (M. G. H. No. 273051), a white, married, Arme- 
nian shoetreer, first entered the hospital on November 13, 1925, at the 
age of 46 years. He had been born in Turkey and had come to the United 
States at the age of 32 years. His past, marital and family histories were 
unimportant. The present illness had begun five years prior to entry, 
when the patient had had the first of five or six short attacks of right 
upper quadrant tenderness and moderately severe pain which had on one 
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occasion radiated to both scapule. The attacks had never been accom- 
panied by nausea or vomiting, nor had the patient noted jaundice. He 
had had moderate diarrhea with some attacks, but otherwise he had always 
had a normal bowel movement regularly once or twice a day. Despite a 
good appetite he had lost 16 kg. during 14 years preceding admission. 
Six weeks before entry he had begun to have intermittent generalized 
pruritus, especially of the feet, which had gradually grown worse, until 
finally he had come to the hospital for relief. Physical examination 
revealed only a weak, emaciated, jaundiced man with a moderately en- 
larged liver. He weighed 53.2 kg. The patient’s chart and the routine 
examinations of urine, stools and blood were not remarkable. The icteric 
index was 20. The blood Wassermann test was negative. Roentgen 
examination of the gastrointestinal tract was negative, except for atony and 
sluggish peristalsis in the stomach. A Graham test by the oral method 
failed to show a shadow of the gall bladder. 

Laparotomy was performed with a preoperative diagnosis of cholelithiasis, 
though the atypical history prompted a degree of uncertainty. The liver was 
found pale, smooth and extending a hand’s breadth below the right costal 
margin: The spleen was normal in size. The gall bladder was distinctly 
enlarged and slightly thickened, and the common bile duct was dilated to 
the thickness of a thumb. No gall stone was palpable, but in the region 
of the head of the pancreas there was an irregular, moderately hard mass, 
about the size of an orange, frozen section from which showed chronic 
pancreatitis. An anastomosis was done between the gall bladder and the 
stomach. The patient made a good postoperative recovery and was dis- 
charged after 18 days symptom-free and relieved of his jaundice. 

Detailed examination of the biopsy material showed a marked increase 
in connective tissue. The acini appeared normal and were collected in 
small lobules within the connective tissue. No islands were seen in the 
section examined. There was no suggestion of cancer. 

Following discharge from the hospital the patient rapidly gained about 
9kg. After two months his liver was reported not palpable. He returned 
to work. His bowels moved from two to three times daily and seemed nor- 
mal to him. He had no complaints excepting occasional sour stomach, 
gas and vague right upper quadrant distress while at work. Twelve 
months after discharge he developed chronic back strain, which eventually 
forced him to give up work. During the next 1} years he lost 7 kg. He 
then suffered a brief attack of right upper quadrant pain which was dull, 
nonradiating and aggravated by any pressure under the right costal margin. 
An urinalysis showed 2 per cent sugar. The patient was sent to the out- 
patient diabetic clinic, where he was given a diet of approximately 107 gm. 
of carbohydrate, 68 gm. of protein and 177 gm. of fat. His urine quickly 
became sugar-free. However, he failed to gain and was, therefore, referred 
into the wards, which he entered on July 3, 1928, 2} years after his pre- 
vious entry. 

At the time of admission he complained chiefly of itching for 3 weeks, 
exactly as before operation. The day before entry he had noticed jaundice. 
Physical examination revealed a markedly emaciated man who weighed 
43.2 kg., or about 9 kg. less than he had at the time of his first entry. 
Jaundice was definitely present, and he showed, in addition, a rather deep, 
brownish pigmentation of the exposed parts of the skin. The spine was 
flexible and nontender. The liver dullness began at the sixth rib. Below 
the right costal margin was a large, somewhat irregular mass, extending 
downward 8 cm. in the nipple line, and thought to be a ptosed and enlarged 
liver. It was slightly tender to pressure. The spleen was not palpable. 
Other findings were sluggish tendon reflexes, dry and purplish skin over the 
feet, a blood pressure of 100 systolic and 66 diastolic. 
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\ month in the hospital and a diet as high as 2985 calories (carbohydrate 
250 gm; protein, 80 gm.; fat, 185 gm.) produced no gain in weight, though 
he was practically sugar free without insulu The fasting blood sugar 
never rose above 104 mg. per 100 ec rhe patient’s itching did subside 


somewhat and the jaundice entirely disappeared soon after entry 
He continued the diet for six weeks at home, but was no better. He 


was, therefore, readmitted on September 14 At this time he complained 
of constant right upper-quadrant pain which was never severe enough to 


keep him awake, moderate upper thoracic back pain, mild itching of the 
feet, weakness and ravenous appetite without unusual thirst or polyuria 
There was no new physical finding. The icteric index was 4. A sugar- 
tolerance test showed a rise, after 100 gm. of glucose by mouth, from 85 mg. 
fasting to 235 mg. at the end of the first hour and 332 mg. at the end of the 
second hour. Urinary sugar was absent at the end of the first hour, but 
was “4+” at the end of the second. The daily stool was now moderate 
in size, unformed, grayish-vellow, sour and showed microscopically many 
undigested muscle fibers, much of fatty acids, neutral fats and soaps and 
occasionally a little starch. A biops) of skin from one of the heavily 
pigmented areas—the wrist—showed no hemosiderin. An analysis of the 
duodenal contents after the method of McClure, Wetmore and Reynolds 
showed no lipase, practically no trypsin and abnormally low amylase. 
There was no pancreatic calculus demonstrable by a roentgenogram of the 
abdomen. 

Treatment and Course. The patient was allowed to spend his time 
between bed and chair as he desired and nitrogen determinations on the 
stools and urine were begun. His subsequent stay of nearly 7 months 
was taken up with attempts by several means to improve his general 
condition. Chart I shows the curve of the patient’s weight drawn against 
the amounts of food and insulin taken. The duration of certain other 
special measures are also indicated. He was started off on a theoretical 
maintenance diet, calculated from his weight and basal metabolic rate, 
and lost weight rapidly. The diet was, therefore, increased. During 
the next two months various attempts at artificial pancreatic digestion 
were made without consistent improvement either clinically or by changes 
in the amount of nitrogen in the stools and urine fable 1.) Pancreatin 
when given was administered 4 hour after meals, some of the time with 
and some of the time without alkali. The stools seemed to contain defi- 
nitely less of muscle fibers and fatty elements during parts of this therapy, 
but there was no actual decrease in fecal nitrogen content 

During the period of experimentation on pancreatic preparation the 
dietary constituents were also changed a number of times without striking 
results, though when the carbohydrate had grown relatively high in the 
diet the patient began to gain a little weight. Carbohydrate seemed to 
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With the increase of the ecarbohvdrate content of the diet above 320 gm. 
the patient began to excrete large quantities of sugar in the urine, though 
the fasting blood sugar was alwavs normal. He finally became sugar-free 
on 90 units of insulin a day, divided before meals in the amounts of 45 in 
the morning, 30 at noon and 15 at night. Food was given in three large 

ain feedings, with several additional in-between feedings of carbohydrate 
ilone. After a month insulin reactions resulted in a lowering of the dose 
to 40 units before breakfast, 12 before lunch and 7 before supper (59 daily). 
it may be seen that with the beginning of insulin and the high-carbohydrate 
ntake consistent weight gain began. 

On January 15, 500 gm. of banana were added to his daily diet. This 
nereased carbohydrates to 120 gm. and raised the total calories to 3700. 
Che per cent of monosaccharids and disaccharids constituted now 
etween 75 and 80 of the carbohydrate intake. This change produced no 
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glycosuria and the insulin dosage was left the same. In 3 weeks the patient 
had gained 2.6 kg. more. The beginning of this consistent and rapid gain 
coincided with the addition of the banana in large amounts. A week or 
so later the patient was begun on graded exercise on a stationary bicycle. 
From this point on his appearance and general well-being improved steadily. 
His basal metabolic rate, pre\ iously 20 per cent, rose to normal, 
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In order to determine whether or not the gain on banana was anything 
more than a gain due to increased caloric intake, the banana was omitted 
and its calories replaced by the addition of sugar, mostly in the forms of 
honey and jelly. Under this régime the weight gain and insulin dosage 
remained unchanged. 

On March 11 another 500 gm. of banana were added to the existing diet, 
which gave a total carbohydrate of 720 gm., of which 82 per cent was in the 
form of sugars. This additional food also Was followed by no glycosuria, 
but was accompanied by a perhaps more rapid gain in weight. After a 
week its omission resulted in a series of insulin reactions which were not 
stopped by a reduction of dosage from 59 to 54 units, but which did stop 
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after a second drop to 48 units daily. This dosage was, however, further 
reduced, until at the end of 3 weeks the patient was receiving, without 
glycosuria, only 15 units a day, despite a diet of carbohydrate, 590 gm. 
protein, 106 gin.; fat, 93 gm. Though the patient was sugar-free and gain- 
ing weight slowly on this régime, it was thought that progress was not as 
good as it had been when he was receiving more insulin; therefore, the dos 
was Increased to 23 units daily, on which he was discharged, April 24, 1629 
He was then taking an amount of insulin 67 units less than what he had 
required 5 months before, when his diet was 100 gm. poorer in carbohydrate 

At the time of discharge he weighed 54 kilograms, or 10 more than at 
entry 7 months before. He felt vastly stronger and complained much less 
of his right upper quadrant pain. There had been no recurrence of the 
thoracic back pain. The abnormal color of his skin had been replaced by 
a healthy tan. He had no itching. His blood pressure was 112 systolic 
and 80 diastolic. There was no demonstrable change in the size or con- 
sistence of the right upper quadrant mass. 

He was passing daily two soft, copious, sour, grayish stools which showed 
microscopically much muscle fiber and fat and a little starch. Nitrogen 
in the stools showed during the high-caloric feedings a more elevated level 
than earlier in the patient’s stay, despite a nearly unchanged protein 
intake. The loss was approximately 25 per cent. During a 6-day period 
on the final diet, the wet stool, weighed 2130 gm. and showed a fat content 
of 6.638 per cent. This represents & loss of 25.3 per cent ol the fat intake 
for the period. 

A blood-sugar curve following the ingestion of 100 gm. of glucose showed 
the following values after a fasting amount of 81 mg. per 100 cc.; at } hour, 
123 mg.; at 1} hours, 266 mg.; at 3 hours, 190mg. ‘There was no glycosuria 
during the test. 

An estimation of the pancreatic ferments showed no change over the 
pre\ ious findings In 1 ce. of duodenal contents there was no trace of 
lipolytic action. It developed a highest sugar of 0.16 mg. and a highest 
nonprotein nitrogen of 0.35 mg. According to Jones, Castle, Mulholland 
and Bailey,’ in normal persons the lowest amounts developed by these 
ferments may be considered; for the lipolytic, 0.75 mg.; for the amolytic, 
0.75 mg.; for the proteolytic, 1.5 mg. 

The determinations were repeated on another day with no change i 
technique, excepting that 10 units of insulin were given } hour before the 
cream, so that when collection was begun the blood sugar was 50 mg. 
per 100 cc. There was no increase in the amounts of ferments present. 

Subsequent Course. Seven weeks after discharge two sudden moderate 
hematemeses necessitated a 5 weeks’ stay in the hospital. The bleeding 
stopped promptly, except as indicated by very slight amounts of occult 
blood in the stools, but the enforced stay in bed and curtailment in food 
resulted in a marked loss of strength and weight which he never completely 
recovered. Early in his stay he was placed on a strict milk and cream 
‘gastric’’ diet, but large quantities of separated fat in the stools and the 
complaint of ‘“‘sour stomach’ necessitated a change to a carbohydrate diet 
and alkali, on which he was much more comfortable. There was no 
evidence of portal obstruction on physical examination. A Rosenthal 
liver-function test was normal. <A gastrointestinal Roentgen ray study was 
negative except for a deformed, poorly visualized duodenum, due, it was 
thought, to adhesions. The gall bladder was seen to fill with barium and 
empty through the gastric stoma. 

The patient remained easily fatigued, slightly anemic and gradually 
more distressed by right upper quadrant pain until 3 months later when 
the sudden onset of persistent vomiting again brought him to the hospital. 
The vomitus soon became watery, and black from changed blood. He 
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weakened rapidly. Four weeks after entry a sudden collapse followed by 
leukocytosis, slight fever and abdominal pain and distention led in 3 days 
to death. At no time, even at the very end, was there acetonuria or glyco 
suria excepting the transient appearance of sugar in the urine after intra- 
venous glucose administration. Insulin was used only in conjunction with 
these infusions. 

The clinical diagnosis, which had been chronic pancreatitis with possible 
hepatic cirrhosis and bleeding esophageal varices, was, of course, poorly 
supported by the terminal events, in their suggestion of generalized perito- 
nitis. However, no obvious explanation of the whole picture presented 
itself and, therefore, no new diagnosis was offered. 

Autopsy. Save for marked emaciation, autopsy was negative excepting 
the abdomen. This showed, in the region of the head and the proximal 
portion of the body of tne pancreas, a large, firm ovoid mass, roughly 
15 by 15 by 11 em. in size. The mass lay within the loop of the duodenum 
and behind the pyloric portion of the stomach which it displaced forward. 
On opening the duodenum it was found that the first and second portions 
were markedly dilated and that there were large areas on the posterior and 
medial aspects where the wall was being replaced by fungating, ulcerated 
masses of firm, translucent, mucoid, tumor tissue. Sections of the mass in 
various areas showed it composed throughout of the same tissue. The 
distal third of the pancreas was not involved by the tumor, but was dis- 
tended, tense and fluctuant. On cross section it showed a large irregular 
cavity with ragged, grayish walls containing thick, turbid, grayish, purulent 
material. This space communicated by means of a small perforation with 
the abdominal cavity, and was presumably the source of a generalized 
peritonitis which appeared about 3 or 4 days old. The pancreatic ducts 
could not be identified. The common bile duct was found to enter the 
tumor behind the second portion of the duodenum, but it could not be 
followed further. Microscopically (Fig. 1) the tumor was divided by 
narrow fibrous septa into large alveolar areas filled with colloid material. 
In places these areas were lined by fairly well-differentiated, columnar, 
mucus-containing, epithelial cells, but in the greater part of the growth no 
epithelial cells were seen. Mitotic figures were rare. The body of the 
tumor showed no pancreatic tissue. 

That portion of the pancreas which was not involved by the growth 
proper consisted of a shell of tissue, about 1 em. in thickness and of a total 
outer measurement of 5 by 5 by 3 cm. It contained the abscess cavity 
described above. Microscopic sections showed an inner layer of granulation 
tissue with a marked acute and chronic inflammatory infiltration. In 
addition to a number of small abscess cavities, there were seen small 
areas of better differentiated tumor which grew apparently in dilated ducts 
and showed frequent mitosis, marked papillary formation and considerable 
colloid production. Finally, this shell-like portion of the pancreas showed 
numerous, well-preserved islands scattered through dense connective tissue 
(Figs.2and3.) Noaciniwereseen. The total amount of tissue containing 
islands was estimated to be not more than 5 per cent of the normal organ. 

The liver was of average size and weighed 1330 gm. The surface was 
perfectly smooth and reddish-brown in color. The consistency was normal 
and the cut surface showed the usual markings. Microscopically there was 
slight fibrosis around the portal canals and fatty vacuolization of the central 
portions of the lobules. 

The gall bladder was normal in size and thickness. There were many 
fine adhesions about the fundus near the operative stoma, which measured 
0.6 cm. in diameter. Excepting for this anastomosis the stomach was 
normal. 

No metastases were.found. The anatomical diagnosis was: Colloid 
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adenocarcinoma of the pancreas, chronic interstitial panere atitis, abscess 
of the pancreas, general peritonitis, ulceration of the duodenum, choleeysto- 
gastrostomy, adenoma of the adrenal. 


Comment. ‘This is an unusual clinical story and a rare type of 
lesion pathologically. Because of the rather benign course com- 
pared with that ordinarily encountered in carcinoma of the pancreas 
the management of the case is of particular interest. Furthermore, 
In our present uncertainty of the exact pathology and pathologic 
phi slologs both in diabetes and-in disturbances of fat absorption, 
the case is important because it offers two conditions rare in human 


beings: | diabete obviousl due to simple loss of pancreatic 


tissue; and (2) what from the autopsy findings, must have long been 
complete exclusion of the external secretion from the pancreas. 

The patient's stools were t pical of those associated with insuffi- 
cleney of the external pancreatic secretion ; gra’ ish, bulky , mushy, 
sour, but of only slightly increased frequency. ‘The fat loss was 
approximately 25 per cent of a daily 100-gram intake. Thaysen,‘ 
in} patients of his own with chronic pancreatitis receiving a similar 
amount of fat, and in 5 from the literature who received from 200 to 
00 grams of fat daily, found a loss varying from 13 to S1 per cent 
and averaging about 50 per cent. He considers the loss of 10 per 
cent or more, of a 100-gram fat intake pathologic. Pratt® thinks 
that, in the absence of jaundice, and with sprue and tuberculosis 
of the intestines excluded, a loss of 40 per cent of fat is strong evi- 
dence of pancreatic insufficiency. In our case the percentage of 
fat in the stools would doubtless have been higher had the diet 
been richer in fat. 

The nitrogen in the stools of our patient varied in daily amount 
from about 14 grams at the beginning of the studies to 4 to 43 grams 
at the end of four months. ‘This represents a loss of from about 6 
to about 25 per cent of the nitrogen intake (Table 1). Thaysen4 
found that his patients on a 100-gram protein intake (approximatel) 

(} grams of nitrogen) lost from S to 50 per cent of the nitrogen, 

an average of 30 per cent. He considers a loss of over 3 grams of 
nitrogen abnormal. Pratt® found a loss of 14.5 to 60.6 per cent 
averaging 40 per cent in pancreatic obstruction. 

As would be expected, the duodenal analysis showed the ferments 
much decreased. rom the autopsy findings it Is hard to ascribe 

ven this small amount of ferment activity to the pancreas. In 


+} 


ie duodenal analyses done by Thaysen# in cases of chronic pan- 
reatitis, he found that the lipolytic activity was the most con- 
istently low or absent and that the protein splitting function was 
ie next most frequently diminished. Starch splitting was usually 
ormal or slightly reduced. Our findings agreed. 

In the matter of the treatment of external pancreatic insufficiency, 
uur experience confirms the belief that the limitation of fat and 
protein and the administration of large amounts of carbohydrate 
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is the most satisfactory dietary procedure. For, in our case, as 
with most others reported, while there was marked loss of fat and 
nitrogen, there was very little starch to be found in the feces. This 
is, of course, not complete evidence that there was not carbohydrate 
loss, but, coupled with the weight response and the failure of other 
foods to absorb, it is considerable evidence that the carbohydrate 
was being well taken up. In the virtual absence of pancreatic amylase 
it is uncertain how the process was brought about. We had thought 
that perhaps the administration of much of the carbohydrate in 
the form of simple sugars may have helped, but Thaysen® reports 
a patient who throve on a diet the main part of which consisted in 
thirty slices of bread a day, despite amylase which was low and 
frequently entirely absent in repeated duodenal analyses. 

A second practical benefit from the diet is in its limiting of the 
fat intake, for high fat, with a resultant large amount passing 
through the bowel, undoubtedly increases the digestive disturb- 
ances, such as “sour stomach,” fullness, and unrest, aggravates the 
diarrhea, and indirectly diminishes absorption of other elements. 
Its inadvisability was obvious in our patient when he was placed 
on the “‘gastric diet” of gruel and cream. 

Protein apparently produces no such positive ill effects, but, in 
the absence of complete absorption, is as well not given in any larger 
amount than the approximate nitrogen requirement. It is notable 
that the patient here maintained a positive nitrogen balance through- 
out a 4-month period of observation. There was a rise of the stool 
nitrogens during the course of this period but the sum of these 
and the urine nitrogen virtuall) always remained well below the 
intake (Table 1). 

Our attempts to benefit the patient by the use of pancreatic 
extract were as inconclusive as those of many other investiga- 
tors.7:°:° However, because our patient maintained a positive 
nitrogen balance without any assistance, there was no’ practical 
need for attempting to augment his ferments so long as there was 
good absorption of carbohydrate. On the other hand, the alkali 
administered to our patient without pancreatic preparations defi- 
nitely relieved certain vague digestive svmptoms. In retrospect 
it is hard to say that these symptoms were not due to the carcinoma 
and were not relieved by the mechanism effective in the treatment 
of any ulcerated surface. On the other hand, we believe that on 
alkali therapy the stools were definitely smaller and more formed; 
in other words, his digestion was improved chemically. When we 
consider the rather narrow pH range in which intestinal ferments are 
active,!? it is easily conceivable, in a patient whose stomach is 
secreting acid at an approximately normal level at the same time 
that the pancreatic secretions are markedly below normal, that the 
administration of alkali an hour or two after meals might well 
augment the digestion in the upper bowel. 
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We failed in a rather crude experiment wherein we attempted to 
demonstrate increase in the output of the external pancreatic 
secretion following the administration of insulin, as has been shown 
to occur in normal men and animals."! A sufficient reason was 
apparent at autopsy. There was in all probability no glandular 
tissue present to be stimulated. 

The patient was obviously a very mild diabetic despite even the 
marked final reduction in number of the islands of Langerhans. 
There were no poly uria, pols dy psia, or other sV¥mptoms W hich could 
be directly attributed to the diabetes. His fasting blood sugar was 
always normal, as was the morning urine. He was comparable to 
Thaysen’s® patient with chronic pancreatitis whose pancreas at 
autopsy weighed only 25 grams and contained only a few islands in 
the tail, but who was, nevertheless, but a mild diabetic. This 
marked discrepancy between the amount of glandular tissue and 
the degree of diabetes seems to be the rule. Labbé’s case” of a huge 
eyst of the pancreas, which involved all but a very small amount 
of tissue in the head, showed neither diabetes not clinical evidence 
of lack of internal secretion. In marked contrast is Joslin’s Case 
No. S96,'4 a true diabetic in whom cancer of the pancreas developed 
some vears after the onset of diabetes. There was a similar extensive 
involvement of all but the tail, but a very dissimilar, extremely 
severe, terminal diabetes. 

The patient's natural tolerance for carbohydrate was striking. 
Without insulin he remained sugar-free on a diet of carbohydrate 
$20 grams, protein 102 grams, and fat S9 grams; or an estimated 
available carbohydrate of 371 grams (when 25 per cent of fat and 
protein is considered lost in the stools). He might have been able 
to take an even greater amount successfully, but, though no attempt 
was made to estimate it accurately, we feel that this diet was near 
his limit. Seyeral unusual factors undoubtedly had a part in the 
production of this rather high tolerance. With the large percentage 
of fruit sugars in the food, levulose was doubtless more plentiful 
than in the ordinary diet. The absorption from the intestines was 
possibly slower than in the ordinary diabetic. There was probably 
a diminished diurnal curve in the blood sugar such as Gevelin'® has 
found in patient on high-carbohydrate-low-fat diets. Finally a loss 
of carbohydrate in the stools may have made the actual intake less 
than it appeared. 

Perhaps more interesting than the patient’s natural tolerance 
were the variations in the insulin-carbohyvdrate ratio which devel- 
oped during his hospital stay. Porges and Adlersberg,!® Sansum,!? 
Gevelin and Mackie,'* and others have noted a very appreciable 
fall in the insulin requirements of their diabetics taking high-carbo- 
hvdrate diets. Our patient’s insulin requirement fell markedly 
during his sustained high-carbohydrate diet; though exercise and 
increase in strength and well-being also undoubtedly improved him, 
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too, in the manner so well illustrated by Root’s case,'® where the 
insulin requirement of a long bed-ridden patient fell, during graded 
passive and active exercise over 14 weeks, from 101 to 1S units per 
day, despite little change in diet. His patient's diet was moder- 
ately low in carbohydrate and high in fat. 

Much more unusual to us, however, was our patient’s seemingly 
remarkable ability to accept sudden, large increases in carbohydrate 
intake without resultant glycosuria despite no change in the insulin 
dosage. MacLeod®® has described how, in depancreatinized dogs, 
there is rapidly agumented efficiency of insulin per unit as the pro- 
portion of glucose to insulin is increased. Thus, with our patient’s 
high-carbohydrate intake and relatively low-insulin dosage, increases 
in carbohydrate which were actually large became comparativel) 
less and less. But more important than this is a phenomenon 
described by Porges and Adlersberg,'* who found that their patients, 
after periods on high-carbohy drate -low-fat diets, de \ eloped eley ated 
renal thresholds for sugar. Thus, our patient on his second sugar 
tolerance test lost no sugar in the urine despite a blood sugar as 
high as 266 milligrams. Apparently by being able to maintain a 
higher blood-sugar level without glycosuria, he was able to start 
at insulin-carbohydrate ratios bordering on the production of 
hypoglycemic reactions, as on January 13 and on March 27, and 
either increase markedly his carbohydrate, or substantially decrease 
his insulin, without the loss of sugar in the urine. This wide margin 
of safety is otfered by Porge S and \dl “she rg as one ot the advan- 
tages of high-carbohyvdrate diets; a fact also appreciated by Geyelin' 
who has remarked that there is a decreased fTrequenc! of insulin 
reactions in his patients on similar diets. 

Porges and Adlersberg'® found in their patients both with and 
without insulin that there were definitely improved sugar-tolerance 
curves after periods on high-earbol drate-low-fat die ts, over what 


there had been following low-carbohvdrate-high-fat feedings. Similar 


tests on our patient at the beginning and end of his hospital stay 
did not show this change definitely, probably beeause his impaired 
fat absorption, as well as his contantly rather low-fat diet, kept 
him from being at any time on a high-fat intake comparable 
to that of Porge S and \dlershbe rg’s patients. For it seems logical 
to suppose th it the ditt rence in glu Ost tolerance curves after high- 
fat and high-carbohvdrate diets is more due, as Gevelin®® believes 
to a deleterious etfect of high fat than to am benefit inherent in 


high carbohydrate 

With the present uncertainty as to the mechanism in the produc- 
tion of diabetes, it would be of particular interest if, in this cas¢ 
with a simple marked loss of pancreatic tissue, we could distinguish 
any clinical differences from the usual type of diabetes, especially 
that in the vounger person. The disease in our patient obviousls 
differs from the juvenile type in its clinical mildness, but bevond 
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this we have detected no variation. His reactions to diet have been 
strikingly similar in character to those of ordinary diabetics fed 
by Rabinowitch® diets high in carbohydrate and low in fat and 
protein. 

Insulin appears to have been invaluable in our treatment of 
this patient in that it made possible the necessary large food intake. 
However, we believe that it contributed very definively to the gain 
in weight and strength by another as vet mysterious mechanism, 
which doubtless functions also in the insulin treatment of under- 
nourished nondiabetics. It may be seen that the patient’s weight 
curve tends definitely to flatten out toward the end of the chart, 
coincident with the reduction of the dose of insulin. Of course, it 
might be assumed that the 40 minutes of bicycle riding which he 
was finally doing were exceeding his optimum for exercise, and 
were actually detracting from the weight increase; or that the 
carcinoma or a decreased absorption was responsible. But the 
leveling of the weight curve is too abrupt and coincides too closely 
with the marked reduction in the insulin dosage to seem mainly 
due to anything else. The reduced rate of gain must have been 
due to the reduced insulin dosage, and, since there was no sugar 
in the urine and no reduction in the food eaten, we must further 
assume that the action of insulin in stimulating weight gain was 
something more than either a simple prevention of loss of sugar, or 
a stimulation of appetite. 

The effect of exercise on the patient cannot be definitely deter- 
mined from our data but it was our distinct clinical impression 
that the increase in weight, along with improvements in the metab- 
olism and general well-being, was very favorably influenced by the 
bicvele riding. 

It is interesting to speculate, in this case, upon the probable 
duration of the carcinomatous involvement of the pancreas. We 
feel that the mass found at operation 4 vears before death probably 
contained cancer which failed to be revealed by the small bit of 
tissue removed for examination. ‘The symptoms during most of the 
) years preceding must surely have been due to pancreatitis. 

Our case would seem to illustrate the value of cholecystogas- 
trostomy as a procedure in conditions producing permanent obstruc- 
tion of the common bile duct. The microscopic examination of the 
liver showed evidence of mild liver infection, probably much like 
that observed by Gatewood and Lawton” in their dogs with chole- 
cystogastrostomy. Clinically, there was also evidence of such 
involvement at the time of the second admission, when there was 
in icteric index of 20 despite plenty of bile in the gastric contents. 
(he jaundice came on during a period of low-carbohydrate-high- 
fat diet given because of the glycosuria and cleared up rapidly during 
the more favorable higher-carbohydrate intake. 

The pigmentation, which was noted early in the patient’s stay 
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in the hospital and which cleared definitely with his improvement 
and the coming of winter, seems to have been like that noted by 
Thaysen‘ in one of his cases of chronic pancreatitis. He quotes 
Adler as reporting in similar cases a color like that in bronzed 
diabetes. 

Summary and Conclusion. We have reported a case of colloid 
adenocarcinoma of the pancreas of probably 4 years and possibly 
longer duration. During the last 4 vears of his life the patient 
tolerated well a cholecystogastrostomy done to relieve biliary 
obstruction. During the last vear and a half, he was known to 
have mild diabetes, and during the last vear he exhibited the classic 
picture of external pancreatic insufficiency. 

The emaciation and general debility produced by all three of these 
factors, carcinoma, pancreatogenous fatty diarrhea, and diabetes, 
were extremely well combated by treatment with a very high- 
carbohydrate diet plus insulin. Adequate digestion and absorp- 
tion from the intestine were maintained, the utilization of carbo- 
hydrate foods was vastly improved, and there was a marked result- 
ant increase in weight and strength. ‘The general effects of the 
carcinoma were successfully resisted, although its pain, never severe, 
persisted and hemorrhage and infection secondary to the tumor 
finally led to rapid death. 

From this case we are able to conclude, in agreement with other 
observers, that a high-carbohydrate intake is by far the most 
advantageous type of diet in external pancreatic insufficiency. 
Enzyme preparations, if not valueless, may be entirely unneces- 
sary. The use of insulin is to be recommended not only for its aid 
in the prevention of glycosuria, but also for what general metab- 
olic effect it has in the production of weight increase. High-carbo- 
hydrate-low-fat diet with insulin enhances rather than impairs 
carbohydrate tolerance. 

We have been unable to demonstrate that diabetes produced by 
encroachment of tumor tissue on the pancreas differs clinically in 
any cther way than in degree from so-called “true” diabetes. 
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THE search for a carbohydrate more utilizable than dextrose by 
the diabetic patient, and for a foodstuff of therapeutic value in this 
condition, dates back to the nineteenth century. The addition of 
insulin to our armamentarium, bringing with it an even greater 
need than heretofore for strict dietary control, has not obviated 
the desirability of such foodstuffs. The following is a report of the 
experimental trial of two such materials, recently advocated for 
the treatment of diabetes mellitus. 

Jerusalem Artichoke. ‘he tubers of the Jerusalem artichoke 

Helianthus tuberosus) contain, according to a recent analysis,! 
inulin, inulin-like substances and a significant amount of sucrose. 
The preparation and digestion of the artichokes probably result in 
the formation of a considerable proportion of levulose in the intes- 
tinal tract. 

Joslin? and Root and Baker*® have recently reported favorable 
results from the use of Jerusalem artichokes in the treatment of 
diabetes. The latter authors, whose paper contains an excellent 
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bibliography of previous work in this field, observed the effects 
of the ingestion of a single portion of prepared artichokes by normal 
and diabetic subjects. Basing their judgments chiefly on changes 
in the respiratory quotient and heat production, they concluded 
that the carbohydrates in Jerusalem artichokes are utilized by the 
diabetic, the results being quite similar to those obtained with 
levulose. Their clinical observations, however, are apparently) 
based on favorable reports from patients using artichokes in their 
diets at home. These patients are reported to have been able to 
eat moderate amounts of artichoke without increasing glycosuria 
when this was present, and without producing glycosuria when it 
was previously absent. Some patients using artichokes were able 
to add other foods so as to increase their total caloric intake by 
11 per cent, although the insulin dosage was increased by only 
3 units. More recently, Carpenter and Root* have reported a 
more carefully controlled clinical experiment on a diabetic patient, 
taking one-half of his carbohydrate intake in the form of Jerusalem 
artichokes, while in the hospital for 6 days. From analyses of the 
food intakes and the feces, and from studies of the respiratory 
exchange and the composition of the blood and urine, these workers 
concluded that Jerusalem artichokes furnish carbohydrates which 
can be absorbed and utilized by a patient with diabetes mellitus. 

A closer examination of the results of the above-mentioned work 
and a consideration of other work of a contradictory nature leave 
some room for doubt as to the validity of the conclusions drawn. 
Thus in summarizing his discussion of levulose, inulin and Jerusalem 
artichokes Joslin (p. 631) says: “ Levulose seems to cause a differ- 
ent type of metabolism from dextrose, possibly due to the conversion 
of levulose in part into fat by the diabetic or to a more active 
stimulation of insulin production. Similarly inulin and lower poly- 
mers of levulose in the form of Jerusalem artichokes have been 
used by our patients with pleasure and benefit.” 

Granting for the moment, that the substances in question may 
act in the manner suggested by Joslin, one might question the 
desirability of such effects in the diabetic. The administration of 
these substances as a source of fat is, to say the least, unnecessary, 
while the disastrous result of the carbohydrate spree has been 
frequently used as an argument that stimulation of the insulin 
production mechanism of the diabetic pancreas is undesirable. 
Root and Baker*® observed undoubted increases in the respirator) 
quotient and heat production of diabetics after ingestion of Jerusa- 
lem artichokes and levulose, although their results with inulin 
were hardly significant. But, aside from the fact that it is difficult 
to accept the use of the respiratory quotient and heat production 
as a reliable criterion of carbohydrate utilization in diabetes,® they 
have failed to report the effects of comparable amounts of dextrose 
on the same patients under the same conditions. Such a control 
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has been reported by Carpenter and Root,* who substituted baked 
potatoes for Jerusalem artichokes on one day of their patient’s 
stay in the hospital. Although the patient showed a rise in glyco- 
suria and the blood sugar level on the day in which potatoes were 
the source of carbohydrate, he derived, according to their calcula- 
tions, just as great a proportion of his caloric requirement from 
carbohydrate as on the days of artichoke feeding. ‘Their results, 
therefore, can hardly be held to prove that Jerusalem artichokes 
furnish the diabetic a more available form of carbohydrate. 

All the above-mentioned investigations, including our own, are 
subject to the general criticism that it is impossible to tell, at any 
given time, how much insulin is being secreted by the pancreas of 
a particular subject. This does not apply to the work of Campbell 
and Markowitz,° who used completely depancreatized dogs kept in 
a constant known state of partial diabetes by the injection of 
insulin. From a comparison of the effects of levulose and inulin 
with the effects of equivalent amounts of dextrose on such animals, 
these workers concluded that there was no evidence that greater 
quantities of the former substances can be utilized by the diabetic 
organism than of glucose itself. In the clinical realm Wescott and 
Wise’ have recently reported the failure of a diabetic patient to 
utilize dried artichoke powder. 

Method. The observations reported by us were made on diabetic 
patients in the Michael Reese Hospital, receiving carefully con- 
trolled diets, with or without insulin. All food materials were 
weighed, their composition and caloric value being calculated from 
‘tandard tables. As a preliminary to each experiment, the diet 
was gradually increased until the patient showed little or no further 

crease in tolerance and was excreting a small amount of sugar in 
he urine. Jerusalem artichokes were then substituted in the diet 

) that the patient was receiving a considerable proportion (more 

han 50 per cent) of his carbohydrate intake in this form, while the 
stribution of calories between protein, fat and carbohydrate 
mained as before. The only essential change made was, therefore, 
the source of part of the carbohydrate intake. 

The results were judged by the total daily excretion of glucose and 

trogen in the urine. These were determined by the Somogyi 

odification of the Shaffer-Hartmann method and the method of 
eldahl respectively. The determination of temporary fluctua- 
ns in gaseous metabolism or blood chemistry was not attempted. 

are indebted to the Pabst Dietary Products, Inc., for the 
salem artichokes used in this work, and for financial assistance. 

e artichokes were supplied in the form of flakes similar to potato 

ips, dried fresh slices and a purée. Current analyses of these 

luets were furnished and used by us. Our observations are 
ded in tabular form on page 678. 
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Discussion. ‘lhe results of Experiments | to 4 are quite negative 
and yield no evidence that Jerusalem artichokes are of any value 
in the treatment of diabetes mellitus. The nitrogen excretion 
remained fairly constant throughout each experiment, while the 
sugar excretion either remained the same or increased somewhat 
when artichokes were substituted in the diet. In Experiment 5 
the sugar excretion was consistently lower during the periods of 
artichoke feeding than during the control periods. This may mean 
that some cases of diabetes mellitus differ from others in that they 
are benefited by the use of Jerusalem artichokes. A consideration 
of the control periods of this experiment, however, reveals so great 
a Variation in tolerance to the usual forms of carbohydrate that 
conclusions as to the beneficial réle of artichokes would be quite 
unwarranted. The determination of the total reducing substances 
in the stool of this patient, before and after artichoke feeding, would 
seem to indicate no lack of absorption of the artichokes from the 
intestinal tract. The results of this experiment may depend on the 
complicating infection noted. 

In any case, sincé the above results are not uniformly and com- 
pletely negative, and especially because of the small number of 
cases investigated, it cannot be held that these experiments prove 
that Jerusalem artichokes are of no value in the treatment of 
diabetes mellitus. It seems fair, however, to conclude that these 
few but carefully controlled experiments yield no evidence that 
artichokes are of any value in this condition. In view, therefore, 
of the contradictory nature of some of the previous work in this 
field and in view of the criticisms which have been raised by the 
iuthors, the rational use of Jerusalem artichokes as a therapeutic 
igent must await further experimental support. 

The remarkable increase in tolerance of all our patients as their 
aloric intake was increased, at the beginning of each experiment, 

worthy of note. We have observed this phenomenon clinically in 

any patients in the hospital, even where we had reason to believe 
hat they followed their dietary prescriptions most carefully at 
ome. Whether due to the greater exactness of treatment or to 
the freedom from routine cares, it emphasizes the importance of 
ising adequate control periods in work of this kind. It probably 
lso explains the positive results obtained by others on patients 
bserved for short periods in the hospital, and the favorable reports 
rom patients treating themselves with renewed vigor at home, under 

e stimulating influence of a new dietary régime. 

Liver. References to the use of liver for the treatment of diabetes 

ellitus may be found in the older French medical literature. 

lore recently, on this continent, Blotner and Murphy’ have 
eported the favorable influence of the ingestion of liver or certain 
ver fractions, on the blood sugar level of diabetic patients. Ac- 
ording to these workers, 180 gm. of liver has an effect on the 
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blood sugar equal to that of from 10 to 15 units of insulin. They 
conclude that “ liver contains a blood sugar reducing substance active 
when taken by mouth, nontoxic and with an effect on the blood 
sugar concentration similar to that obtained with insulin.” 

Using normal and depancreatized dogs, De Pencier, Soskin and 
Best!’ obtained no evidence that the ingestion of fresh raw liver 
lowered the blood sugar or sugar excretion of these animals. The 
data presented below are the results of a therapeutic trial of fresh 
liver on cases of human diabetes mellitus. The experimental 
method was similar to that described for Jerusalem artichokes. 
The amount of liver substituted in the diet was 180 gm. to conform 
with the amount used by Blotner and Murphy. The figures given 
hy these authors for the composition of calf’s liver were also used 
as a basis for calculation. 

Discussion. ‘lhe results of these experiments are largely negative. 
Although one liver period in Experiment 3 showed hypoglycemic 
reactions which might be taken as evidence of a blood sugar reducing 
effect, and another liver period in Experiment 4 showed a lack of 
glycosuria previously present, the other liver periods in these 
experiments yielded glycosuria figures which negate any conclusions 
Which might be drawn as to the favorable influence of liver in these 
cases. As was pointed out above, it has been reported that liver 
does not lower the blood sugar level of normal or depancreatized 
Moreover, Bowen," when feeding liver in a case of com- 
bined diabetes and pernicious anemia, found no evidence of a blood 

gar lowering effect or of improvement of the diabetes. But 

ether the ingestion of liver does or does not cause a temporary 
reduction in the blood sugar of humans suffering from diabetes 
mellitus, it seems clear that it has little if any therapeutic value in 
this condition as judged by the urinary sugar excretion. 

hese experiments were carried out prior to those with artichokes 
! are subject to the criticism mentioned above, that of using 
trol periods which are too short. Since this, however, would 
| to render the results falsely positive instead of negative, and 
e control periods were observed both before and after liver 
ding, this defect cannot be held to invalidate the results in this 
tance. 

Conclusion. These experiments yield no evidence that Jerusalem 

tichokes or liver are of any appreciable therapeutic value in the 

atment of diabetes mellitus. 


dogs.! 
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THE ROLE OF THE STREPTOCOCCUS IN ARTHRITIS 
DEFORMANS. 


(AN IMPROVED CULTURAL METHOD). * 
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DIRECTOR OF THE LABORATORY AND ARTHRITIS CLINIC, HOSPITAI 
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AND 
Ceci. H. Gowen, 
TECHNICAL ASSISTANT, BACTERIOLOGY, HOSPITAL OF ST. BARNABAS 
NEWARK NEW JERSEY 
From the Laboratory and Arthritis Clinic, Hospital of St. Barnabas 


Tue recent bacteriologic studies of rheumatoid arthritis or arthri 
tis deformans indicate that it is due to a streptococcus infection 
An Alpha type streptococcus has been isolated in a high percentag: 
of cultures from the blood, joint fluid and primary foci. The sami 
organism has been found in joint tissues. ‘Typical lesions have bee: 
produced by inoculating animals with this streptococcus. Th 
results obtained from specific vaccine therapy also suggest that thi 
arthropathy is caused by a streptococcus of the Alpha type. 

Before further discussion of the bacteriology of arthritis defor 
mans, certain other factors should be mentioned. Some famili 
appear to have an arthritic tendency and certain types of individual! 
are particularly susceptible to arthritis. Trauma is a factor i! 
producing lowered resistance in a joint, as shown not only in patient 
but also by animal experiments. Fatigue, especially long continue: 
fatigue and particularly when combined with exposure to cold an 
wet, is an especially important factor. Focal infection and ev 
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bacteremia are frequently present without the development of 
arthritis. If, however, the resistance is lowered through fatigue or 
exposure the conditions become ideal for localization of such an 
infection in the joints. Pemberton! showed that a high percentage 
f soldiers who developed rheumatoid arthritis gave a history of 
standing in water, marching or sleeping in the rain, or long exposure 
to cold weather. 

The fact that chronic deforming arthritis is practically limited 
to the north temperate zone and is most prevalent along the Atlantic 
seaboard and around the Great Lakes indicates that there is a cli- 
matic factor. The prevalence of upper respiratory infections in this 
climate will account for a high percentage of subsequent joint infec- 
tions. Sudden changes in temperature and barometric conditions 
play parts in joint physiology and pathology which are but little 
understood, Not only equable but also dry climates are considered 
ideal for “‘rheumatic”’ individuals. 

It has long been recognized that the predisposing factors above 
mentioned played important parts in the actual onset of symptoms, 
hut because of the characteristics of the disease an infectious exciting 


cause was suggested by many observers. Nearly 20 years ago 
Billings? called attention to focal infections and their etiologic 
relations to arthritis. In 1924 Rosenow*® cultured enlarged lymph 
nodes from patients with chronic infectious arthritis and was able 
0 isolate the Streptococcus viridans in several instances. Moon 
ind Edwards,‘ in 1917, reported nonhemolytic streptococcus from 
the blood cultures in about 20 per cent of 83 arthritis cases. Rich- 
ards,® in 1920, claimed 15 positive blood cultures in a series of 104 
cases and 4 positive joint cultures in 54 cases. Hadjopoulos and 
Burbank® took cultures from the blood in 145 cases of chronic 
rthritis and obtained a streptococcus in 15 (10 per cent). Forkner, 
hands and Poston,’ in 1928, cultured streptococci from joints 
rom 16 per cent of 63 cases. A great majority of the investigators 
0k on the streptococcus as the bacterial agent responsible for the 
ease, but some believe that the staphylococcus, the gonococcus, 
he diphtheroid bacillus or some other organisms, as well as the 
reptococcus, may produce arthritis deformans. 
The extensive work of Cecil, Nichols and Stainsby,* in 1929, 
eserves special attention. They reported blood cultures on 154 
es of chronic infectious arthritis with 96 (62.3 per cent) positive 
‘a short-chained streptococcus. In 33 of 49 cases joint cultures 
re positive for the same organism. Control blood cultures were 
ide on 104 cases and control joint cultures on 18 cases, all of which 
re sterile. They used a special culture technique which consisted 
removing inhibitory substances from the patient’s blood by 
arating the serum from the clot and culturing the clot in specially 
pared heart infusion media. ‘The cultures were incubated for 
eral weeks and subcultured from time to time. Through cul- 
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tural studies, including fermentation, agglutination and absorption 
tests, they established the identity of the streptococcus isolated from 
the blood, joint and primary foci of arthritic patients. They also 
produced typical deforming arthritis in the joints of rabbits by 
inoculating them with the “typical” strain of streptococcus isolated 
from the patient’s blood, and the organism recovered from the blood 
of the rabbits was found through cross agglutination to be the same 
as the original organism. 

A modification of Cecil’s method was reported by Gray and 
Gowen? in January, 1931. This preliminary report was based on 
the bacteriologic studies of 37 cases of arthritis deformans and 32 
control cases. Blood and joint cultures were positive for Alpha 
type streptococcus in 25 (67.6 per cent) of the arthritic patients. 
But more important than the high percentage of positive cultures 
was the fact that they were obtained after a very short incubation 
period, z.e., after 1 to 4 days. Cecil’s positives appeared after an 
average of 17 days and some required 30 days’ incubation. His 
cultures were subcultured frequently, while ours were not opened 
until a clouding of the media appeared. It is of great significance 
that this organism, which had heretofore been so sluggish in primary 
cultures, could be grown so quickly. This modified method presents 
three distinct advantages: (1) A saving of time and labor, (2) 
elimination of a source of contamination, (3) and most important, 
it makes possible the development of an autogenous vaccine in a 
minimum length of time. 

The improved cultural method consisted of enriching Cecil's 
medium with glucose, adding gelatin to create oxygen tension and 
using calcium carbonate as a buffer. This method in detail is as 
follows: 


The patient’s arm is prepared by two coats of iodin, washed off wit! 
alcohol and 20 ce. of blood is drawn from a vein in the arm and placed i: 
two sterile dry test tubes (10 ec. in each). These are placed in the ice box 
over night. The serum is removed, clot broken up, and the pieces of clot 
placed in each of two 100-ec. bottles containing 50 cc. of media. The 
media is prepared as follows: Fresh beef heart is freed from fat and fibers, 
ground finely in a meat chopper and infused at ice box temperature over 
night, using 500 gm. ground meat and 500 cc. tap water. The next morning 
the infusion is warmed to 20° to 25 C.° and squeezed through a flannel bag 
The filtrate is then boiled slowly for 1 hour and filtered through paper. It 
is then made up to volume, 1.5 per cent peptone (Witte), 0.5 per cent 
chlorid of sodium, 1 per cent dextrose, and 1 per cent gelatin added. This 
is then placed in the Arnold sterilizer for 20 to 25 minutes to dissolve the 
ingredients. It is then titrated to pH 8 and placed in the Arnold sterilizer 
for 1 hour. It is filtered through paper and retitrated. If the pH has 
dropped below 7.8 it should be retitrated to that figure. It should not b 
below a pH of 7.8 before placing in bottles. The bottles are prepared 
beforehand by placing about a teaspoonful of calcium carbonate (c. p. 
powdered) in each of them, plugging with cotton, or cheese cloth and cotton 
and sterilizing in the dry sterilizer for 1 hour. In these sterile bottles 50 cc. 0 
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medium are placed and sterilized in the Arnold sterilizer for 30 minutes on 3 
successive days. At the end of 3 days it is titrated and if the pH is 7.6 to 
7.8 it is satisfactory. It usually shows a pH of 7.7 to 7.8. If the pH is 
correct, the medium is placed in the incubator for several days and if 
sterile is then ready for use. 


The streptococcus cultured from the blood and joints by this 
method resembled the one Cecil considered specific for rheumatoid 
arthritis and showed the same agglutinating properties as his AB-13 
strain. It was a Gram-positive coccus arranged in chains of 2 to 20, 
the length depending upon the age of the culture and the medium in 
which it was grown. It was bile-insoluble and did not ferment 
inulin. On streaked blood agar plates there was a delicate growth of 
grayish, smooth, isolated colonies showing a definite production 
of methemoglobin of a pale green shade. After 24 to 48 hours of 
incubation there was a narrow partially hemolyzed zone immediately 
surrounding the colony. Because of these intermediary qualities 
it has been called an Alpha prime streptococcus. The typical 
Alpha or Streptococcus viridans as found in rheumatic fever pro- 
duces a much wider green zone and shows no hemolysis. Cecil 
called this intermediary type the “typical” strain for rheumatoid 
arthritis. 

In the arthritis deformans group of 71 cases 46 positive cultures 
were obtained. In 2 cases both blood and joint fluid were positive. 
Therefore, 62 per cent of the cases were positive in blood or joint 
or both. 

The thirteen rheumatic fever cases vielded five positives. Three 
cases, Malignant endocarditis, acute peritonsillar abscess and sub- 
acute osteitis, conditions intimately associated with rheumatic in- 
fection, were also positive for the Alpha type streptococcus. 

Among the other control cases, including 17 osteoarthritis, 7 
normal individuals and 47 miscellaneous discases, only 2 were 
positive. These 2 cases were cavernous sinus thrombosis and one 
f agranulocytic angina, both of which showed Beta streptococcus. 

The arthritis deformans group was composed of 52 females and 
I9males. The ages ranged from 14 to 75 vears, the average being 44. 
They were for the most part moderately advanced ambulatory 
ases with multiple arthritis and typical swelling of the joints. A 
iew early cases showed only slight fusiform swelling and stiffness 
of the interphalangeal joints of the fingers or pain and swelling of 
one knee. Several were advanced cases with deformity and anky- 
losis and 3 were confined in bed. 

A large percentage of this group of 71 cases gave a history of 
focal infection. Fifty-six had tonsillar, tooth or sinus infection as 
follows: Tonsils 24, sinuses 23, teeth 21. Twelve had a combina- 
tion of two of these conditions. In 15 the tonsils were removed 
rior to admission, 13 had had diseased teeth extracted and in 6 
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of the sinus cases radical operations had been done. One case devel- 
oped arthritis immediately following acute appendicitis, 1 was 
associated with gall bladder infection and 1 with pelvic infection. 
Two cases were associated with peptic ulcers and in 1 of these, 
cultures from the blood, the sinuses, an infected tooth and the stool 
were positive for the same type Alpha streptococcus. 


TABLE 1.—BLoop ANp JOINT CULTURES FOR STREPTOCOCCUS. 
Clinical Diagnosis N f No. of Number Number 
on “rheumat = cases cultures negative positive, 
Normal individuals 7 Ss S 0 
Chronic ulcerative colitis Z 4 2 0 
Acute appendicitis l l l 0 
Hypertension l l ] 0 
Purpura hemorrhagica I l l 0 
Carcinomatosis } 9 9 0 
Diffuse peritonitis l l l 0 
Puerperal sepsis } 3 3 0 
Typhoid fever l o 3 0 
Myositis 0 
Sciatica ; 3 3 0 
Iritis . | l l 0 
Neuritis 2 3 3 0 
Benzol poisoning l l 1 0 
Pneumonia l ] ] 0 
Pleurisy l l l 0 
Chorea l l l 0 
Abscessed teeth 2 
Acute sinusitis l l 1 0 
Chronic sinusitis 0 
Pernicious anemia 2 2 2 0 
Chronic tonsillitis 2 2 2 0 
Myeloma l l l 0 
Nephritis l 3 3 0 
Cavernous thrombosis l 2 1 l 
Agranulocytic angina l 2 
Gonococeal arthritis 5 0 
(Joint fluid on 2 of above cases 2 2 0 
Osteoarthritis 17 0 0 0 
Malignant endocarditis l 5 3 2 
Acute peritonsillar abscess | l 0 l 
Subacute osteitis | ] 0 l 
Total non‘‘rheumatic”’ cases 74 109 103 6 
“Rheumati 
Rheumatic fever 13 IS 13 5 
Arthritis deformans 71 110 69 11 
(Joint fluid on & of above cases S 3 5 
Total of ‘‘rheumatic”’ cases S4 136 S5S 51 


Fig. 1 illustrates the hands of a case of Still’s disease. The onset 
was at the age of 11 vears and not only the hands but also the feet 
were involved. Fig. 2 shows typical early extensive involvement of 
the hands in a young woman who suffered from the same condition in 
the ankles and knees. This patient showed every indication of a 
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profound infection and was the type that would progress rapidly 
toward deformity. She received intravenous vaccine for 3 months 


Fic. | Fusiform swelling in the interphalangeal joints of a young girl Still's 


lise 


Fic, 2.—Typical early actively progressive arthritis deformans in the hands 
of a young Woman, 


epared from an Alpha type streptococcus cultured from her blood 
and showed amazing improvement. Fig. 3 illustrates a moderately 
advanced case in which there was fluctuation in the interphalange al 
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joints and fluid in the knee joints. The typical streptococcus was 
isolated from this patient’s blood and vaccine was given subcu- 
taneously for 12 months with slight improvement then 4 months 


Fic. 3.—Severe moderately advanced case. Two of the interphalangeal joints 


contain a large amount of fluid. 


Fic. 4.—Roentgen ray of an advanced condition, showing bone rarefaction and 
permanent deformity. 
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intravenously with rapid improvement. Fig. 4 shows deformity 
with rarefaction of the bones in the hands. ‘This patient was 60 
years of age, had suffered from the disease 15 years, every joint in 
her body was involved and she could hardly walk when first 
observed. The blood, knee fluid and tonsil cultures were all positive 
for Alpha type streptococcus. After the subcutaneous administra- 
tion of vaccine for 14 months she showed remarkable improvement. 
The knees were straight and flexible, a great deal of motion had 
returned to the hands and there was improvement In every Way. 
Fig. 5 is the photograph of a patient who was bedfast 19 years. 
The infection and inflammation were followed by atrophy and 
contracture, deformity and ankylosis. 


hia. 5 lvanced stage of arthritis deformans. Bedfast 19 vears 


The clinical course of arthritis deformans is characteristic of an 
infection. Occasionally the onset is acute with fever and migratory 
acute joint symptoms suggestive of rheumatic fever. When the 
mset is gradual there is insidious and progressive swelling of the 
oints. The patient loses weight and strength and becomes pale 
and chronically ill. Some of the concomitants of arthritis deformans 

ve every appearance of metastatic infection. Two of our patients 

itfered from iritis prior to the development of joint symptoms. 

Pathologically the joint lesions are typical of an infectious inflam- 

latory reaction. The synovial fluid is cloudy; the synovial mem- 
rane is red, swollen and edematous; the cartilage ulcerates and 
the capsule becomes thickened. Microscopically the changes are 
hose of a chronic infectious process. In a section through the 
ynovial membrane the surface is necrotic. The underlying tissue 

edematous, vascular, infiltrated with polymorphonuclear leuko- 
tes, lymphocytes and plasma cells, and contains many fibro- 
ists. Finally, atrophy of the soft parts, fibrous replacement and 
refaction of the bone produce deformity and ankylosis. 

(he differential diagnosis of arthritis deformans and rheumatic 

er usually presents no difficulties. One is acute and the other 

ronic, one involves the heart and the other does not, one seldom 


VOL. 182, No. 5.—NOVEMBER, 1931 24 


4 


690 GRAY, GOWEN: 


produces deformities of joints, the other always tends toward 
deformity. Rheumatic fever frequently occurs in childhood, while 
arthritis deformans develops in the second and third decades. It is 
possible that arthritis deformans cases with a rheumatic fever his- 
tory develop a secondary specific infection. 

The bacteriologic differentiation of rheumatic fever and arthritis 
deformans is more difficult than the clinical differential diagnosis. 
In primary cultures there is usually a slight difference in the charac- 
teristics of the streptococcus found in the blood and joints of these 
two clinical entities. Whether the clinical difference is due to 
specific strains of streptococcus, to the elective action of an organism 
in different states of virulence for certain types of tissue, or to a 
difference in tissue response, cannot be explained at this time. 

It is frequently difficult to differentiate arthritis deformans and 
osteoarthritis. In 612 cases of chronic arthritis studied in the Cornell 
Clinic by Cecil and Archer,!® 182 (30 per cent) were classified as 
noninfectious osteoarthritis. In the Hospital of St. Barnabas Clinic 
76 per cent were chronic infectious arthritis and 24 per cent osteo- 
arthritis. Arthritis deformans usually affects younger peop'e, and 
there is a history of focal infection. They are underweight and 
undernourished, have multiple arthritis, the interphalangeal and 
metacarpophalangeal fusiform swellings are characteristic and 
they develop deformities. Osteoarthritis is a disease of older 
people, there is no history of focal infection, they are usually over- 
weight, Heberden’s nodes are characteristic of the milder form and 
the knees and hips are most frequently involved. In osteoarthritis 
there are none of the pathologic characteristics of infection. The 
cartilage is at first roughened, then it becomes worn away and the 
underlying bone is finally laid bare. At the edge of the surface 
there is more or less lipping and spur formation. Obviously, the 
toentgen ray examination frequently clinches the diagnosis. ‘There 
are some mixed types which, without bacteriologic study, would be 
diagnosed only as osteoarthritis. In one of our cases there was 
typical lipping of the hip joint in a well-nourished woman of 60 years, 
from whose blood a streptococcus Was isolated and whose serum 
agglutinated the rheumatoid streptococcus in a very high titer, 1 to 
2500 dilution, and rather prompt improvement followed specific 
vaccine therapy. 

Cecil found that patients with rheumatoid arthritis showed high 
agglutination for the typical strain in 94 per cent of the cases. This 
would be important not only in proving the specificity of the organ- 
ism for this type of arthritis, but also in differentiating borderline 
and noninfectious types. 

Agglutination tests were made in 150 rheumatoid and control 
cases. Sixty of the 71 arthritis deformans cases were tested, 52 
showed agglutination of the rheumatoid streptococcus (AB 13 
strain) and 37 in high titer 1 to 640-5120. 
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TABLE 2 
No \ 
2 l 5120 
7 l S60 
10 l 
1S O40 
5 
3 l 160 
5 l sO 
l 1: 40 
l l 


The majority of the cases with arthritis deformans of many years’ 
duration showed agglutination in a low dilution, if at all. One 
patient, already mentioned, with ankylosed joints and bedfast 19 
years, showed no agglutination. Apparently the agglutination 
reaction is an indication that an individual is developing a resistance 
for streptococcal infection somewhere in the body, it may be in the 
sinuses, gall bladder or joints. These agglutinations run nearly 
parallel with those of some other diseases, namely, typhoid fever 
and undulant fever, in that they rarely become positive in the very 
early stages of the disease. They may vary in strength from week 
to week and finally become weaker or negative after the infection 
has subsided. It probably will never be as specific as the Widal 
reaction, because in typhoid fever the organism is in a fairly narrow 
group while the streptococci are heterogenous. 

The specificity of the infection cannot be determined through 
dermal tests, because there is as yet no specific skin test for bacteria 
uch as for horse dander in certain types of asthma. The agglutina- 
tion reaction Is undoubtedly of considerable value in differential 
diagnosis, particularly in osteoarthritis in which type vaccine is 
never indicated. Careful clinical study and classification of infec- 
tlous types of arthritis is vitally important. The final proof of 
pecificity at the present time must be made through cultural 
tudies, 

The treatment of arthritis deformans falls into four groups: 
general, focal, local and specific. 

The improvement of the patient’s general resistance through rest, 
nourishing food rich in vitamins, sunshine, rest in bed during the 
cute stage of the disease, medication or even transfusion if neces- 
ary for anemia and also a change in climate, are all just as impor- 
tant as supportive treatment in tuberculosis or any other chronic 
nrection, 

The focal treatment applies to the removal of all available primary 

ci such as infected tonsils, diseased teeth, sinus infections, ete. 
\lthough 60 per cent of the patients who gave a history of tonsillar 
r tooth infection had those foci removed before they came under 

ir observation, nearly all of them had continued to become pro- 
gressively worse. It is of interest and possibly of importance in 
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treatment to note that S patients were definitely worse after such 
operations, and 2 cases that prior to the removal of badly diseased 
tonsils had only indefinite pain developed severe forms of arthritis 
deformans immediately following tonsillectomy. Perhaps in such 
cases preliminary vaccine treatment would tend to protect the 
individual from an overwhelming infection. 

The local treatment is chiefly corrective, including physiotherapy, 
hydrotherapy, massage and orthopedic treatment which applies par- 
ticularly to the cases that have developed deformities. 

By specific treatment is meant the use of vaccine or immune 
serum for the purpose of controlling an infection in the joints, 
which in the majority of the cases does not clear up through general 
or focal treatment. Unfortunately it has not been possible to 
develop immune serum for the treatment of this disease, but vaccine 
therapy is now recognized as an efficient method of attacking infec- 
tion which has become established in the joints. The use of stock 
vaccine or of autogenous vaccine prepared from any organism 
which might be found in the throat, nose or stool, gives only tem- 
porary relief, if at all, and then probably through the foreign protein 
effect of stimulating phagocytes. This also applies to the use of 
typhoid vaccine, milk, ete. 

The specific vaccine was prepared from the Alpha type strepto- 
coecus isolated from the patient’s blood, joint fluid or foci or from 
typical strains in case an autogenous vaccine could not be obtained. 
The bacteria were killed by heating broth cultures to 60° to 65° C for 
1 hour. Vaccine prepared from the blood or joint fluid is more 
specific than that from other sources because these organisms are 
heterogeneous and there may be a great variation in different 
strains. 

The vaccine was administered subcutaneously and intravenously. 
The former method was used exclusively until recently when most 
of the cases under treatment were shifted to intravenous injections 
and others were started by that method. The initial dose when used 
subcutaneously was 100 million, increasing 200 million every week 
until a maximum dose of 2000 million was reached and that amount 
continued indefinitely. In most instances this amount produced no 
reaction. Larger doses were abandoned because of the frequency 
of joint reactions which occasionally resulted in exacerbations which 
continued for 2 or 3 months. In case of joint or systemic reactions 
with 2000 million or less the dose should be reduced. The initial 
intravenous dose was 100 thousand, increasing 100 thousand every 
3 or 4 days to 10 million, then every 5 days to 100 million, and con- 
tinuing with that amount every 7 days. The dose was increased 
more rapidly and to larger doses in some cases and 1000 million 
was reached and continued without reactions in a few cases. How- 
ever, most patients complained of general discomfort or recurrent 
joint symptoms if the dose exceeded 100 million or if that amount 
was continued at frequent intervals. Two patients developed 
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chills and fever following 600 and 1000 million doses, and appar- 
ently improved more rapidly after that time. But in nine 
mstances when joint reactions followed larger doses progress Was 
apparently impeded. The improvement Was more consistent and 
atistactory in the absence of reactions. As a rule the dose should 
be smaller in acute cases than in chronic ones. However, the indi- 
vidual response is the most important single factor in standardizing 
the dosage. 

Regarding the rationale of intravenous vaccine therapy Swift, 
Hitchcock, Derick and McEwen" demonstrated that in cases of 
rheumatic fever the patient was in a state of hyperergy and that 
this could be controlled by intravenous rather than by subcutaneous 
injection. A state somewhat similar to this seems to appear in 
arthritis deformans. Swift showed by animal experiments that 
injections of streptococcal vaccine into tissues tended to sensitize 
vhile intravenous in je ctions tended to desensitize the tissues. 

\nother phase of intravenous treatment was suggested by 
Julianelle who demonstrated a striking difference in immunologic 
response with different methods of administration of the same vac- 
cine. Rabbits injected intravenously with heat-killed pneumococci 
deve loped highly spec ialized type-specific agglutinins for this par- 
ticular pneumococcus strain, together with less specialized, species- 
pecific antibodies for other strains. When he injected the same 
type d vaccines intracutaneousls only the semi-specialized or species- 
pen ific antibodi« S were formed, the type-specific agglutinins being 
mpl te ly absent. 

Our results with specific vaccine treatment were extremely satis- 

ctory in early and moderately advanced cases. Several of these 

es that received subcutaneous vaccine for a period of S months 

IN months were discharged as cured and vaccine discontinued 6 

rs months ago. These cases were hecoming progressively worse, 

available foci had been removed before they came to the clinic 
nd essentially no form of treatment except vaccine was used. 
ne more advanced cases including the one mentioned under 

1, were greatly improved and a surprising amount of function 

restored to the joints. Obviously, the subcutaneous vaccine 

t be continued for a long time in order to obtain the desired 
results. 

The intravenous method was followed by unexpected rapid 

provement of joint symptoms and of the general appearance of 

e patient. This quick response may be due to “desensitization” 

hyperergic tissues as suggested by Swift and his coworkers. 
i\lowever, only larger subsequent doses will produce an active 

unity through the development of specific antibodies which 
utrol the joint infection. Although it is too early to determine 

'w long a period is required for such immunization it will be shown 

ter that 5 early cases which received intravenous vaccine for 3 to 4 
months were apparently cured. 
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The results of treatment may be summarized through the analysis 
of 48 cases of arthritis deformans that have received specific vac- 
cine treatment for periods of 3 to 30 months. These were divided 
into five groups: advanced, severe moderately advanced, moderately 
advanced, severe early and early cases. 

Group I was composed of severe advanced cases with an average 
duration of 12 years’ illness at the time of admission. Practically 
all joints were involved in these cases and more or less deformity, 
rarefaction of bone, atrophy of soft parts and ankylosis had devel- 
oped. In Case 1 an attempt was made to straighten the knees by 
orthopedic surgery but ankylosis developed in the hips which only 
made a bad condition worse. ‘This patient received vaccine for a 
period of 30 months with relief of symptoms and restoration of 
general health. In only two of this group were autogenous vaccines 
prepared from blood cultures. Case 2 received vaccine prepared 
from both blood and joint fluid cultures. A maximum combined 
subcutaneous dose of 4000 million was reached and continued several 
weeks when an exacerbation of the arthritis occurred which neces- 
sitated hospitalization of the patient for 2 months, following which 
time vaccine was resumed. However, most of the improvement 
occurred prior to the reaction and was not dependent upon it. 
This patient who had suffered from arthritis deformans 15 years 
and could hardly walk or move her hands when admitted regained 
a surprising amount of function following the absorption of peri- 
articular inflammation. Case 5 received relatively small doses of 
vaccine because of a tendency to reactions and showed very little 
progress until an organism was isolated from her blood and auto- 
genous vaccine was given intravenously. Case 6, whose Wasser- 
mann was positive, failed to improve following antiluetic treatment 
but showed definite improvement after receiving vaccine therap) 
All of these cases were improved, pain was relieved, inflammation 
subsided and the general condition was changed from that of a 
chronically ill, poorly nourished individual to one who appeared 
‘normal except for permanent deformities. 

Group I. In this group there were 11 severe moderately ad- 
vanced cases suffering from polyarthritis for periods of 8 month 
to 5 years. The hands, knees and ankles were most extensivel: 
involved and whereas rarefaction and atrophy were outstanding 
features in Group I, fluid exudate in the joints was predominant 
in this group. They received vaccine for periods of 2 to 20 month 
and in 8 of the 11 cases autogenous vaccine was used. Case 1 whi 
could scarcely walk because of involvement of the hips showed 
considerable improvement following 10 months of subcutaneou 
vaccine in maximum doses of 3000 million. Then autogenous intra 
venous vaccine was used for 3} months reaching a dose of 600 millior 
when a severe systemic reaction with chills and fever developed. 
Prompt rapid improvement followed and the dose of 600 millio: 
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has been continued without further reaction. It cannot be deter- 
mined whether this sudden improvement was the result of long 
continued vaccine, the chill, the intravenous method or the fact 
that the autogenous vaccine from her blood culture was instituted 
at that time. Case 8 did very well until larger doses were reached 
when a severe exacerbation of the joint symptoms occurred and 
continued for 2 months. The psychic effect of such reactions is very 
had for the patient and aside from other factors is a sufficient 
reason for avoiding them. Case 6, now classified as cured, developed 
troublesome reactions on two occasions, particularly in a recurrence 
of iritis. 

Case 4 was a very severe type that might well have been placed 
in the advanced group because of such extensive involvement 
of the knees and ankles, but remarkable improvement followed 
absorption of the fluid in the knees. The patient was desper- 
ately ill and unable to walk on admission. Transfusions and other 
supportive treatment were used and after 6 months of specific 
treatment she resumed work and has continued it for the past year. 
Case 2 was also desperately ill and will undoubtedly have some 
residual deformity of the hands. (Fig. 3.) Case 10 had a large 
amount of fluid in the knees and is now symptomatically cured 
after 34 months of intravenous autogenous vaccine. It is also of 
interest that eczema, from which he had suffered for 10 years, 
quickly cleared after a few injections had been given. Case 3 was 
discharged as cured after 12 months of treatment, had a slight 
recurrence after 2 months, was treated again for 4 months and has 
w had no recurrence without vaccine for 6 months. Case 11 

a seriously ill, toxic, emaciated young man. Although the 
ine, hips, knees and shoulders were extensively involved, this 
tient pluckily continued work most of the time he was under 
atment and is slowly recovering. More rapid progress would 
doubtedly occur in such cases if they could afford proper hospital] 

anitarium treatment. Case 5 was one of the first treated and 
though every joint in the hands and wrists was badly swollen 

d the hands were useless and apparently permanently deformed, 

ey are now perfectly normal in appearance and function and he has 

d no vaccine or recurrence of symptoms for 8 months. 

Group II, 18 in number, comprised more than one-third of the 
cases. They were classified as moderately advanced with an 
rage duration of 6 months to 2 years illness. Involvement of 
hands and knees was most frequent. The spine was affected 
7 cases and the hips in 5. There was less exudate in the joints 
n in those of Group II. Three cases were associated with osteo- 
hritis, 2 of which had positive blood cultures, and all showed 

vlutination in high titer. Six of this group were discharged as 

red after receiving vaccine for periods of 9 to 23 months, 4 of: 
hich had intravenous as well as subcutaneous vaccine. The vaccine 
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was discontinued for 1 to 5 months and no recurrences have devel 
oped. One of these cases complicated with peptic ulcer was men 
tioned under focal infection, ‘The other cases were arrested 01 
greatly improved. 

Group IV is a very interesting one, consisting of 3 acutely ill 
febrile, toxic, anemic patients. Practically all joints were acutel 
involved including the spine in 2 and temporomaxillary in 1, but 
none had cardiac involvement. Case | improved with remarkabl 
rapidity on intravenous autogenous vaccine until the dose reached 
200 million and an acute recurrence developed which temporaril 
checked the progress. Case 2 had severe involvement ot the spine 
hips and temporomaxillary joints. A radical sinus operation wa 
done and after 6 months of rest and vaccine therapy the arthriti 
Was apparently controlled when he returned to work against advice 
and 6 weeks later developed an alarming recurrence. The third 
case Was treated for iritis without benefit for several months befor: 


joint symptoms developed and had extensive psoriasis practical] 
covering the unexposed parts of his body for 5 vears. He received 


subcutaneous vaccine for 4 months to a dose of 2000 million and 
intravenous vaccine for 4 months. When making the change, th 
preliminary small doses were not given and the initial intravenou 
dose was 10 million which produced a severe general, but no joint 
reaction. Following that the doses were rapidly in reased to 100 
million which were received weekly for some time without further 
reaction and with rapid improvement in every way, including ai 
unexpected clearing ot the psoriasis, He has re sumed work by it 
continuing treatment. 

Group V was composed of 9 earls ceases. The duration of illne 
was 2 weeks to 10 months. Polvarthritis was present in 6, finget 
only in 1, and knees only in 2. Subcutaneous vaccine was giv 
only 2 of these cases. All received intravenous vaccine for period 
of 3 to 5 months, 5 being prepared from streptococci cultured fr 
the blood. The dose did not exceed 20 million in 2 eases and reach 
500 million in 2. Progress was more satisfactory in the former tl 
in the latter. Three ot this group were dis harged as cured 
vaccine was discontinued. Two were clinically cured with vacci 
continued. The other 3 showed prompt improvement. One of t 
cured cases, No. 1, followed trauma automobile accident). T| 
knee, spine and shoulder were involved; the blood culture v 
positive and the agglutination | to 640. All symptoms disappear: 
after 2 months and vaccine was stopped after 4 months. The la 
t cases, 3 of which had positive cultures, were clinically cured 
months after vaccine was started. This group was the most sat 


factory because of the quick response to specific vaccine thera] 
If all cases could be treated at this stage a larger percentage of « 
could be reported and permanent deformities could be prevented 
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Conclusions. 1. Qur results confirm recent investigation that 


irthritis deformans is due to an Alpha type streptococcal infection 
ol the joints. 

(Climate and fatigue ure inportant predisposing factors. 

The Alpha type or \lpha prime streptococcus causing arthritis 
leformans produces slight hemolysis in primary cultures. 

t. The blood or joint fluid was positive for this streptococcus In 
bo per cent of 71 arthritis deformans cases. 

5. An improved cultural method for the quick growth of this 
( rganism from the blood and joint fluid is de scribed. 

(i. The clinical picture and pathology « 

pical of an infectious process. 


f arthritis deformans are 


7. Agglutination tests are of considerable value in diagnosis. 

». The importance of general and focal treatment should not be 
nderestimated. 

. Spec ifie vaccine the rap) is the most efficient form of treatment 
because it has cured or improved cases that were becoming pro- 
ore sively worse following other forms of treatment. 


10. Vaccine should be prepared from blood or joint cultures when 
sible, otherwise from cultures from foci or from = stock specific 


11. Vaccine treatment preliminary to the removal of foci, par- 
ularly badly infected tonsils, might prevent undesirable joint 
eactions. 

12. Vaccine for the cure of joint infection must be continued for 
long pe riod of time. 

Intravenous vaccine promptly relieves symptoms and prob- 
controls the joint infection more quickly than subcutaneous 
ction 

!. The dose of vaccine and interval hetween injections should 
so regulated that reactions do not occur, particularly joint 
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A STUDY OF 503 CASES OF PULMONARY TUBERCULOSIS WITH 
INDEFINITE OR NO USUAL ABNORMAL PHYSICAL SIGNS. * 


By LAwRASON Brown, M.D., 


CONSULTANT TO THI rRUDEAU SANA INSTRUCTOR ! SCHOO 
rUBERCULOSIS, SARANAC LAKI N. ¥ 


Tue history of the diagnosis of pulmonary tuberculosis portrays 
in a revealing manner what might be called the psychological 
opposition offered by many of us to medical advance, which unfor- 
tunately increases with age. You will recall the strong opposition 
to the introduction of percussion when diagnosis was based entirel) 
upon symptoms. Brousais’s opposition to Laennec and his method 
of auscultation is notorious. Many patients had to be sacrificed 
before the tubercle bacillus was definitely and widely accepted as 
proof of the presence of tuberculosis. ‘Today the Roentgen raj 
examination in pulmonary tuberculosis is meeting with the same 
opposition. The same arguments that have been or were advanced 
against the other forward steps in the physical diagnosis of diseases 
of the lungs have been presented. The law that it requires at least 
a generation before any new medical discovery is used by the 
general practitioner applies here. ‘This communication is an attempt 
to combat such views and to show that a new era in the diagnosi 
of pulmonary tuberculosis is upon us. 

The widespread use of the Roentgen ray in the diagnosis of 
abnormal chest conditions, and especially in early pulmonary tuber- 
culosis, has led to a reaction against the method in some quarters. 
It is usually more manifest among those physicians who are not 
actively engaged in the study and treatment of pulmonary tuber- 
culosis. ‘Those of us who were engaged in the struggle against 
tuberculosis before the advent of the Roentgen ray can recall how 
difficult it was to exclude pulmonary tuberculosis, how some case: 
ended fatally when we took the chance of excluding pulmonary 
tuberculosis in patients with practically no symptoms and presenting 
no abnormal physical signs. With this in mind many individual 


* Read before the Association of American Physicians, Atlantic City, May, 1931 
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were treated for pulmonary tuberculosis which they no doubt did 
not have. It was, however, impossible either to confirm or to den) 
the diagnosis, a condition which is more rarely present today. 

If pulmonary tuberculosis were today as rare as it bids fair to be 
in another decade or two, the general practitioner, the consultant, 
the diagnostician, the specialist in other lines, especially the laryn- 
gologists and the gastroenterologists, could all be rather casual in 
their consideration of pulmonary tuberculosis. Unfortunately, 
however, such is not the case for the reduction of the morbidity 
from this disease has lagged far behind that of the mortality. It 
behooves then all concerned in diagnosis in medicine to bear con- 
stantly in mind that pulmonary tuberculosis is as protean a disease 
as syphilis, and no less difficult to diagnose. 

Now if the tuberculous pulmonary lesion always developed in the 
outer second or third centimeters of the pulmonary parenchyma, 
where it is accessible to the ordinary methods of physical explora- 
tion, or again if it always so irritated and ulcerated the bronchial 
mucosa that a great excess of mucus was excreted, containing usually 
tubercle bacilli, the diagnosis would be greatly facilitated, for the 
usual methods of physical exploration of the lungs (auscultation 
and percussion) would reveal a pathological change. Unfortunately, 
such is not the case. As far back as the beginning of the century 
Osler, among others, recognized that extensive disease of the lungs 
could exist with few or no abnormal physical signs. ‘Today all 
tudents of pulmonary tuberculosis see many cases of this nature, 
and I wish to present to you some conclusions | have arrived at 
from a study of some 503 such cases. I have the temerity to do this 
for within the past year some men of excellent standing have denied 
the possibility of the existence of pulmonary tuberculosis in students 
and others when it was not possible to diagnose it by the usual 
method of symptoms and physical signs. These cases were selected 
from 1900 consecutive cases at the Trudeau Sanatorium. I wish 
to thank Dr. Heise and Mr. Sampson for permission to publish this 
data. 

The method by which a diagnosis of chronic pulmonary tuberculo- 

is was established in these cases is that used for some years at the 
‘Trudeau Sanatorium. The occurrence alone of either hemoptysis 
of a drachm or more or of pleurisy with effusion, explainable on no 
other grounds, is considered to justify a diagnosis of suspected pul- 
monary tuberculosis in the absence of all other symptoms. In 
these cases of course neither the physical signs nor the Roentgen 
ray has proved of any aid. If, however, both of these symptoms 
vhen not otherwise explained, occur in a patient a definite diagnosis 
f pulmonary tuberculosis seemed justified. The occurrence of 
moderately coarse rales or of a parenchymatous Roentgen ray 
lesion (mottling, irregularly distributed) above the third rib and 
third vertebral spine was considered sufficient evidence for a posi- 
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tive diagnosis of pulmonary tuberculosis until disproved. Tubercle 
bacilli in the sputum in the absence of lesions above the trachea 
must be considered as absolute proof of pulmonary tuberculosis 
which today no one questions. 

The incidence of these 5 cardinal diagnostic data in 1367 cases diag- 
nosed pulmonary tuberculosis from 1478 consecutive cases admitted 
to the Trudeau Sanatorium are as follows: 


Per ce 


Tubercle bacilli 61.5 
Rales 68.5 
Roentgen ray 99 0 
Hemoptysis 33.5 
Pleurisy 12.0 


During the past year Mr. Sampson has reclassified 1472 cases at the 
Trudeau Sanatorium, using the present classification based mainly 
upon the Roentgen ray examination. “Of the suspects of the original 
classification only 15 per cent remained in this group, while 71 per 
cent were transferred to the nontuberculous and 13 per cent to the 
minimals. Of the former minimals 33 per cent remained in the 
group, 26 per cent were transferred to the nontuberculous, 11 per 
cent to the suspected, and 2S per cent to the far advanced. The 
former moderately advanced group were least affected but 20 per 
cent of the former far advanced group were transferred to the 
moderately advanced.” 

Negative evidence is never as satisfactory as evidence upon the 
positive side. However, some years ago Dr. Heise and | attempted 
to prove the value of the five criteria in the diagnosis of pulmonary 
tuberculosis. We studied 264 cases in which pulmonary tubercu- 
losis had been excluded by this method, following them over a period 
of 1 to 7 years. All these patients had been sent to the Trudeau 
Sanatorium with a diagnosis of pulmonary tuberculosis. In 61 of 
them, on account of hemoptysis or an attack of pleurisy with effusion 
without discoverable cause, we made a diagnosis of suspected pul- 
monary tuberculosis. After 2 to 7 years 2 of these developed pul- 
monary tuberculosis but 1 had had a tuberculous cervical adenitis 
and another tuberculous caries of the rib while under our care. 
Of the remaining 203 patients none developed pulmonary tubercu- 
losis. In all of these patients of course no parenchymatous change 
on the film was present and except in the 2 mentioned none developed 
pulmonary tuberculosis, though as I said, a diagnosis of pulmonary 
tuberculosis had been previously made. 

It may be of interest to note in passing that after many years of 
study we are only now beginning to discover when, at what age, 
pulmonary tuberculosis really begins. This knowledge has come 
to us through the study of many thousands of school children. 
For instance, in Saranac Lake the entire school population has had 
pulmonary radiograms taken each year for the last 5 years. We 
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have undertaken this work in order to determine if possible when 
pulmonary tuberculosis first appears, first develops in the lungs. 
In such a small number of individuals, between 1400 and 1500, the 
number of cases of positive, definite pulmonary tuberculosis are so 
few that we have not yet felt justified in drawing any definite con- 
clusions. I might say, however, that the number of positive cases 
of the adult type of pulmonary tuberculosis is little if any larger 
than that found in the general population of the country. On the 
other hand, as a large number of the parents of the children studied 
came to Saranac Lake to take treatment for pulmonary tubercu- 
losis, more of the children presented what is known as the primary 
complex, that is calcified nodules occurring in the pulmonary 
parenchyma and hilum glands, than occurs in the general popula- 
tion. We are not convinced that the adult type occurs more fre- 
quently in children who have presented the childhood type just 
mentioned. We have a growing feeling that evidence of pulmonary 
tuberculosis which is going to occur later in life can usually be 
detected by careful roentgenologic study before or at the twentieth 
year. To put it another way, if at the twentieth year good stereo- 
scopic films present no e\ idence of pulmonary tuberculosis, no 
parenchymatous changes, the chances are very slight that that 
individual will ever suffer from pulmonary tuberculosis. 

This brings to mind that interesting group of individuals who 
present definite evidence of pulmonary tuberculosis on roentgeno- 
logic examination with no history of any illness to explain it. These 
persons, occurring usually among groups of employees, students, or 
of children subjected to routine roentgenologic examination, need 
careful watching but no treatment. By careful watching | mean 
repeated Roentgen ray examinations at intervals of 6 to 12 months, 
for in no other way can in many of them a slight advance be detected 
and activity of the disease determined. | imagine the diagnosis 
of quiescent or arrested pulmonary tuberculosis in this group is 
what has aroused some of the opposition to the use of the Roentgen 
ray in diagnosis. 

The significance in the diagnosis of pulmonary tuberculosis of 
definite changes (moderately coarse rales) detectable by physical 
examination at the apex of a lung may still be questioned by a few 
but the importance of slight roentgenologic changes or indeed fairl) 
well pronounced mottling in the upper third of the lung is still 
questioned by many. This is the problem that needs to be settled 
though I doubt if it can be done quickly. ‘To attempt to aid in this 
| planned to study the further course of the disease in a group of 
503 patients at the Trudeau Sanatorium who presented on the first 
examination slight or no abnormal physical signs and in whom the 
diagnosis of chronic pulmonary tuberculosis which was made 
depended largely or in some instances almost wholly upon the Roent- 
gen ray examination. 


704 BROWN: PULMONARY TUBERCULOSIS 


The 503 patients included 159 in the minimal stage, 322 in the 
moderately advanced, and 22 in the far advanced. They were 
selected from 1900 consecutive cases admitted to the institution 
between July, 1920, and April, 1927, that is from 8 to4 years before 
the study was undertaken. All had had a previous diagnosis of 
pulmonary tuberculosis. In all of them abnormal physical signs were 
absent or if present were insufficient for a definite diagnosis of pul- 
monary tuberculosis. 

You may recall that among the five criteria mentioned in con- 
nection with the diagnosis of pulmonary tuberculosis rales, fine or 
more frequently moderately coarse, in the upper third of the chest 
were emphasized. None of these cases had such rales, and only | or 
2 had a few rales at the very base of the lung called by some atelec- 
tatic, by others marginal. In the vast majority the slight changes 
consisted chiefly in connection with breathing and vocal resonance. 
A rather large percentage of the patients who gave a history of 
pleurisy with effusion had definite abnormal physical signs at one 
or the other base but no rales. In other words, all changes which 
have been considered characteristic of pulmonary tuberculosis were 
lacking. 

The roe ntgenologic examination, however, revealed in every case 
changes which were interpreted as being caused by pulmonary 
tuberculosis, ?.¢., apical Roentgen ray lesion, usually in the upper 
third of the lung field. The problem then was how correct was this 
diagnosis based, it might be claimed, entirely upon the film, for all 
these films presented such a parenchymatous change. 

The next step logically was the examination of the sputum. Of 
the 503 cases 298 (59 per cent) had tubercle bacilli in their sputum 
at some time, and as this is universally assumed to be proof positive 
of the presence in such cases of pulmonary tuberculosis, we need 
not further consider them. But it must not be overlooked that in 
many, tubercle bacilli were found in the sputum only after a lapse of 


some months after the diagnosis had been made. 


s S OF 1 SputuM EXAMINATION FOR TUBERCLE Ba 
s Negat 
aq as 
a “it 
I € as 4 r Nega 
Minimal 52 18 24 7 
M. A 226 56 665 96 
20 ) 3 
208 ) 74 (25 ) s 205 (4 
* 


Of the remaining 205 patients, 2 were classified as far advanced 
on account of the presence of tuberculous colitis. If we should 
attempt to classify them upon their pulmonary findings both would 

to the moderately advanced group. It is of interest to note 
that one of them died later from pulmonary tuberculosis and the 


| No. sma mount of infiltration to 1 13 L, infiltratior 
t Roand5VLS. Sm tv in this regior Phys findings negative, 
2 No. 73257 R, sm mount of infiltration to 2 R. and 4 V.S.; L, infil- 
tration to4 Pleurisy with diaphragmati thesior Phys findings 


Fia. 3. No. 75238. infilts ition quit 


A few isolated tubercles in the root regi L. sm m , ns Mitnns te 
suggestive of old foci to 2 R. and 4 VS \ sOlated tubercles t root r 
Physical findings negative. 


Fic. 4.—No. 77657. 
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out; L, infiltration to 4 R. and 5 VS 
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other developed definite moderately coarse rales at an apex. Now 
as has been already stated the presence of rfles at an apex in the 
type of patients we are considering is usually accepted as the best 
evidence obtainable from physical signs of the presence of pulmonary 
tuberculosis, accordingly we studied the remaining 205 patients to 
see if any others developed such rales. Thirty-six patients did 
develop such rales and 169 did not. Consequently we concluded that 
these 36 patients had pulmonary tuberculosis and turned our 
attention to the 169 who failed to develop rales. One of them was, 
as noted previously, in a far advanced stage on account of tubercu- 
lous colitis and died from tuberculosis. 


DEVELOPMENT OF RALES ON LATER EXAMINATION IN 205 PATIENTS 
Rales les 
Minim 12 95 
M. A. 2 73 
F. A l l 
Tota st) 169 


Another of the diagnostic criteria which we have mentioned is 
hemoptys sis and the remaining 16S patients were studied to see if 
blood spitting of a drachm or more had occurred in the course of 
their disease. Sixty-three patients had had such hemoptyses and 
we consequently decided that under the conditions mentioned that 
they also had pulmonary tuberculosis. 


OccURRENCE OF IN 168 PATIENTS. 
Hemopt ysis Hemoptysis 
Minim 3-4 61 
M.A 29 44 
Tota 63 105 


Pulmonary tuberculosis is a relapsing disease and if these patients 
had had pulmonary tuberculosis we should expect a certain number 
relapse. Accordingly the 105 patients in whom we have not yet 
erified the diagnosis of pulmonary tuberculosis were studied. 
"hey have been followed very carefully since their discharge from 
the institution and 8 have died (5 from pulmonary tuberculosis, 1 
h from splenomyelogenous leukemia and intestinal obstruction, 
nd 1 following an operation for appendectomy). Twenty-one have 
ered relapses at one time or another. This evidence was accepted 
erifying in all probability the previous diagnosis of pulmonary 
berculosis in 26 more patients, leaving us_still to consider 76 


tients. 
ConpiT1ion APTER DiscHarRGE OF 105 PATIENTS 
Well Relapsed. Died. 
Minimal 16 11 t (2 with pulmonary tuberculosis) 
M. A. 30 10 t (3 with pulmonary tuberculosis 
Total 


76 21 8 
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Another criterion diagnostic of pulmonary tuberculosis is pleurisy 
with effusion, and a study of the 76 patients who remained well 
revealed that 20 of them had had pleurisy with effusion, 10 among 
the minimal group and 10 among the moderately advanced. In 
such patients I felt that a positive diagnosis of pulmonary tubercu- 
losis was justified. If you will accept such methods of diagnosis, 
and I personally am convinced that they are correct, we have left 
for further consideration 56 patients, 36 falling in the minimal group 
and 20 in the moderately advanced. 

I feel a little doubtful in asking you to accept what I believe to 
be correct, namely, that from many films it is possible to determine 
fairly accurately whether or not the pulmonary tuberculous lesion 
is active or quiescent. I realize that this is even a more difficult 
matter than the diagnosis of the disease for the reason that lesions 
lving under a rib or behind the heart may be overlooked. To 
attempt to determine the activity of a lesion in such a manner a 
few points in technique must be observed. In the first place the 
exposure of the films must not be longer than ;'< of a second. Again 
the stereoscopic image must be good and a stereoscope must be 
constructed with prisms and not with the usual mirrors which often 
give a double image. The final requirement for such work, really 
a sine qua non, is the employment of a revolving stereoscope with 
windows or compartments for 4 or 6 pairs of films. Without a 
revolving stereoscope it Is impossible to compare similar small 
areas on two sets of films with any degree of accuracy. Failure 
to follow such careful technique leads many otherwise excellent 
roentgenographers and students of pulmonary tuberculosis to 
deny that it can be done. 

Among the 56 cases, 6 of the minimal and 2 of the 20 moderately 
advanced group had clean-cut mottling at the apex, interpreted 
as arrested tuberculosis. Of the 6 minimal cases 4 had suggestive 
abnormal physical signs with cough and expectoration in 2 (1 had 
nightsweats), and 2 had no cough or expectoration (1 had dry 
pleurisy). Of the 2 without any abnormal physical signs 1 had 
cough and expectoration with dry pleurisy, and | had neither but 
did have nightsweats. The 2 moderately advanced cases in this 
group presented in | cough, expectoration, and nightsweats, and in 
the other only dry pleurisy. Of the remaining 30 minimal cases 19 
had suggestive physical signs and 11 none. Of the 19, 15 had cough 
and expectoration, 7 dry pleurisy, 6 nightsweats, 2 cough, only and 
2 neither cough nor expectoration. Of the 11 without any abnormal! 
physical signs 4 had cough and expectoration, 4 cough only, and ° 
had neither. Four had nightsweats and 2 dry pleurisy. Of th 
18 patients in the moderately advanced stage in this group 11 had 
abnormal physical signs, 7 normal. Of the 11, 8 had cough and 
expectoration, 2 cough only and 1 neither. Four had dry pleuris) 
and 4 nightsweats. Of the 7 without abnormal physical signs 6 had 
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cough and expectoration, | cough, only 1 dry pleurisy and 5 night- 
sweats. In brief, of the 4S patients with apparently active disease 
as interpreted on the films, 33 had cough and expectoration, 9 had 
cough, 6 had neither, 14 had dry pleurisy, 19 had nightsweats. 

Before the introduction of the Roentgen ray such evidence as | 
have mentioned was commonly assumed to be sufficient for the 
diagnosis of pulmonary tuberculosis in most cases, like the 30 who 
presented some physical signs. In the IS the diagnosis was often 
held in abeyance, in some instances to the regret of all parties. 
| should like to show you a few lantern slides to show vou upon 
what roentgenologic data we based our diagnoses. 

Summary. Irom the data here presented I am inclined to attrib- 
ute considerable importance in the diagnosis ot pulmonary tuber- 
culosis to the Roentgen ray examination. [| am convinced it will 
reveal the lesions of the disease long before it is manifested in any 
other way, for the symptoms may be so slight that they escape notice. 
To refuse to accept this evidence places upon those who assume 
such an attitude the same responsibility as fell upon those who 
refused to accept the importance of the tubercle bacillus or of 
hemoptysis or of pleurisy with or without effusion in the diagnosis 
of pulmonary tuberculosis. If this attitude prevails, many patients 
will probably relapse and pass from the assumed indefinite stage to 
the far advanced with slight chances of arrest and still slighter of 
recovery. 

We are in a new era in regard to the diagnosis of pulmonary 
tuberculosis and whether the value of the Roentgen examination 
is accepted now or postponed for a decade or longer the diagnosti- 
clan and roentgenographer will eventually have to modify their 
practice and their technique to conform with it. 


REVIEWS. 


Sixty CENTURIES OF HEALTH AND Prysick. By S. G. BLAXLAND 
Stupss and E. W. Buiiau, with an Introduction by Sir Humpnury 
Ro.Leston, Bart., G.C.V.O., K.G.B., M.D., Hon. D.C.L., 
LL.D., D.Sc., Regius Professor of Physic in the University of 
Cambridge. Pp. 253; 101 illustrations; 1 colored. London: 
Sampson Low, Marston & Co., Ltd., 1931. Price, 15/-.  Ameri- 
can Publisher: Paul B. Hoeber, Inc., New York City. 


Here we have the rare combination of the bibliophile who not 
only contributes his bit by redistributing choice medical volumes 
but so profits by their transient stay with him that he can write 
interestingly and profitably on the whole subject. The collaborating 
authors give an excellent word picture, augmented by 100 skillfully 
chosen illustrations, of the progress of ideas since prehistoric times 
in the long quest for health. The spirit of the various epochs, 
rather than the detailed century by century progress, has been 
sought and captured. Limiting their survey to the confines of the 
old-fashioned word “ physick,” they are able, without in any way 
competing with standard histories of medicine, to give an adequate 
portrayal of what now passes by the misleading term “internal 
medicine.” The following table of contents gives an idea of the 
scope of the work and a hint at the freshness of the point of view: 
Primitive Notions of Health and Disease; Achievements and Super- 
stitions of Sumerians, Babylonians and Assyrians; Ancient Egypt: 
Promise Limited by Magic; Beginnings of Western Science: Cretan 
Hygiene and Greek Medical Schools; Greece: Hippocrates, Father 
of All Medicine; Inheritors of Hippocrates: Alexander and Rome 
to 200 a.p.; A Thousand Years of Darkness: Europe 200 to 1200 a.p.; 
The Dry Bones Stir and Learning Awakes: 1200 to 1450 a.p.; 
Foundation of the Modern Period of Medicine: 1450 to 1600 a.p.; 
The Enemies of Man: Plague and Epidemic; Science in the Seven- 
teenth Century: The Royal Society, Sanctorius and Harvey; New 
Schools of Thought: Chemistry and Mathematics in Medicine; The 
Microscope and the Discovery of Germs; A Basis of Modern Pneumo- 
Therapy: First Researches in Breathing; Thomas Sydenham, the 
Master of Clinical Medicine; The Eighteenth Century, an Era of 
Hygiene; Eighteenth Century Influences on Modern Medicine; 
Inoculation and the Beginnings of Immunization; The Growth of 
Hospitals and the “Sanitary Idea;’’ Notes on the Epoch of Modern 
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Medicine. Nowhere is the underly ing scholarship better shown than 
in the illustrations many from little-known manuscripts —which 
by their freshness and aptness add greatly to the charm of the pro- 
duction. To those who want an entertaining, reliable survey of 
medical history at an attractive price this book cannot be too highly 


recommended, Ix. 


IlyperTENSION. By Lesure T. Gacer, M.D., Clinical Professor 
of Medicine, George Washington University, St. Louis. Pp. 158; 
5 illustrations. Saltimore: The Williams & Wilkins Company, 
L930. Price, S300. 


ONE of a series of monographs that constitute single number of 
Medicine, the present volume fully measures up to the high standard 
of excellence of its predecessors. The author has given a very well- 
balanced and interestingly written survey of the subject, which he 
presents primarily with the clinician’s viewpoint in mind. There 
are included numerous well-selected case reports. R. Kk. 


STUDIEN UEBER DIE ENTSTEHUNG UND DEN VERLAUF DER LUNGEN- 
KRANKHEITEN. (STUDIES ON THE ORIGIN AND COURSE OF DISEASES 
OF THE LUNG.) 13\ Dr. N. Pu. TENDELOO, 0.0. Professor der 
Allgemeinen Pathologie und der Pathologischen Anatomie, Direk- 
tor des Pathologischen Instituts der Reichsuniversitiit, Leiden. 
Pp. 219; 6 illustrations. Miinchen: J. F. Bergmann, 1931. 
RM. 26. 


‘THE author, in the present extensively revised edition of his 
monograph on pulmonary clisease, stresses once more the importance 
of the mechanics of the chest in determining the nature and espe- 
cially the location of pulmonary lesions. Understanding of the 
mechanics necessitates study of the part played by ribs and muscles, 
especially the diaphragm, in respiration, as well as of the elasticity 
of the lung, and variations in the flow of air, blood and Iymph in its 
different parts. In his knowledge of this field the author is probably 
without an equal. The fact that different portions of the lungs are 
unequally ventilated is of great lmportance in accounting for the 
distribution of the lesions of emphy sema and tuberculosis, and 
while much has been written on this subject, the present volume 
places our knowledge on a firmer foundation. His conclusions are 
the more impressive from his having tested them by observations 
on the lungs of drowned men and animals and by studying the 
distribution of dust in naturally occurring and experimental pneu- 


mokoniosis. 
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The seeond and large part of the book deals with infectiou 
diseases of the lungs, especially tuberculosis and the various forms 
of pneumonia. The author is concerned not with morbid anatomy 
or symptomatology as such, but with questions of etiology and 
pathogenesis. What is the infecting organism, its portal of entry? 
Where is the primary lesion? Where and how does the disease 
spread? How is disease in any part of the lung atfected by physical 
characteristics of that part? Questions such as these are propounded 


and answered as far as possible. In his emphasis On pathogenesis 
the author is probably pointing out the Wa\ which the pathology 
of the future will follow. M. Me 


Easter Motuernoop. By Constance L. Topp. Pp. 194. New 
York: The John Day Company, 1931. 


IN a very sane and unobjectionable manner the author brings 
before lay women a history of the development of the Gwathme, 
colonic analgesia, and the applicability of the method to obstetrics. 
Presumably the author felt it necessary to include a certain amount 
of comment on the use of the method by women who had experi- 
enced labor both with and without colonic analgesia, Fortunate I\ 
there is less gushy overenthusiasm than has characterized similar 
presentations regarding other methods of relief of pain in labor, 
though we would like to see even greater caution in presenting this 
type of scientific information to the laity. Other methods of obste- 
tric anesthesia and analgesia are mentioned briefly, the discussion 
of elective version is rather interesting. 

Such propaganda should result in a more widespread demand, 
entirely justifiable, for this safe, simple and effective analgesia in 
labor. And it would well repay phy siclans practising obstetrics to 
read this commentary on their practice by a lay woman. 


We 


THe Puysicat Basis oF PERSONALITY. By CHartes R. STOCKARD, 
Professor of Anatomy and Director of the Anatomical Labora- 
tories and the Experimental Morphology Farm in the Cornell 
University Medical College. Pp. 320; 75 illustrations. New 
York: W. W. Norton & Co., Ine., 1931. Price, $3.50. 


As one would expect from the author’s record and high scientific 
standing, the evidence for the phy sical basis of individual character- 
istics is logically and objectively presented, with appropriate 
illustrative examples from Loeb’s bryophyllum, Morgan's dro- 
sophila, Wilson’s cold-blooded animals and a number from the 
author’s own experiments with dogs. 
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While it is obviously impossible to follow here the argument in 
any detail, a few illustrative observations and deductions are’ 
permissible. “The conclusion seems justified that a recognition of 
just two physical types is necessary in the formulation and develop- 
ment of the problem of variability in personality and form among 
normal human individuals’’—the older linear or long-headed type 
and the lateral or wide-headed type. 

In explanation of man’s intellectual achievement, considered his 
most striking deviation from his nearest relative, two developmental 
inhibitions are offered. (1) The retention of the head pro tions 
of the fetal stages of the highest mammals; (2) an exaggerated pro- 
longation of the postnatal stages of immaturity. In following the 
development of phi sical constitution upon which characteristic per- 
onality depends, similarity of human to various animal types is 
emphasized in a way strongly reminiscent of Lavater’s comparisons 
of over a century ago, but now with evidential basis. 

It is surely an encouraging sign that publishers even occasionally 
prefer the sober presentation to the laity of a subject so easily 
capable of lurid mistreatment. BE. K. 


Mepiziniscuk Praxis. Vou. Tlerz- 
SUFPFIZIENZ. By Dr. WK. Wenckesacu, Em. Vorstand der 
|. Medizinischen Universitatsklinik, Wien. Pp. 120; 7 illustra- 
tions. Leipzig Theodor Steinkopff, 1951. Price, geheftet 
RM. S.00, gebunden 9.50. 


Tris is the twelfth booklet of a practical series of medical treatises 
designed for the further education of students, practitioners and 
embry Oo specialists. earlier titles of the series are on Endocrine 
Diseases (Curschmann), Gastric Uleer (Ohnell), Asthma (Klewitz), 
Biliary Tract (Norte), Radiotherapy (Gudzent), so-called Rheuma- 
tism (Bauer) and Metabolic Disorders (Leschke). 

The author first considers the hydrodynamic effects of various 
circulatory obstructions such as pericardial and valvular lesions, 
myocardial insufficiency, collapse, blood pressure changes and 
angina. In the second shorter part such auxilliary factors as “the 
peripheral heart,’ water metabolism, edema, blood volume and 
velocity, ¢yanosis, dyspnea and digitalis therapy are taken up. 
The freshness of the treatment is shown by the fact that only 4 of 
the 35 references precede the vear 1925. On the other hand, the 
work of Douglas and Baldane, Blumgart, Heymans and Wybauw 
are the only non-German references given. The interesting though 
rather difficult text, the author's high reputation and the moderate 
price all should commend the book to American readers. 


hk. 
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Rempranpt. By Dr. J. G. De Lint. Pp. 115; 64 illustrations. 
The Hague: J. Philip Kruseman, 1931. Price, $2.50. 


This is the first series of monographs intended to collect and 
analvze all the works of the Dutch painters of the seventeenth and 
eighteenth centuries that possess a medical interest. Rembrandt's 
paintings, engravings and drawings from widespread sources have 
been passed in review by a well-known Dutch student of medical 
history and some 64 here reproduced. Nearly every field of medi- 
cine is represented. Though the Dutch had largely adopted Protes- 
tantism at this time, so that paintings as church decorations no 
longer were demanded, nevertheless Biblical scenes were popular 
topics, and whether depicting miracles, birth or death scenes, contain 
much of medical interest. Portraits of physicians and medical scenes 
from Dutch daily life furnish the majority of the remainder of the 
topics treated. Tipped-in reproductions are used to advantage. 
We hope that this series, so worthily begun, will have a great and 
well-merited success. KE. K. 


CLINICAL ELECTROCARDIOGRAPHY. By Str THomas Lewis, M.D., 
C.BLE., Physician of the Staff 
of the Medical Research Council; Physician in charge of Depart- 
ment of Clinical Research University College Hospital. Pp. 128; 
107 illustrations. Fifth edition. London: Shaw & Sons, Ltd., 
1931. Price, Ss, 6d. 


EveN though electrocardiography has taught much about heart 
disease that can now be recognized by the five senses, it still remains 
true that “cases of structural heart disease are few in which an 
electrocardiographic examination is superfluous.” This treatment 
of the subject by its chief pioneer remains the best small book that 
we have about it, especially if used, as the author suggests, as an 
auxiliary to his larger book. E. K. 


RESISTANCE TO INFECTIOUS DiskAses. By HANS Zinsser, M.D., 
Professor of Bacteriology and Immunity, Medical School, Harvard 
University. Pp. 651; illustrated. Fourth edition completel) 
revised and reset. New York: The Macmillan Company, 1951. 


Price, 87.00. 


“Tne fourth edition of Infection and Resistance (see this Journal, 
1923, 166, 1906) is being brought out under the new title of Resistance 
to Infectious Diseases because immunology has grown considerably 
closer to the interest of the physician occupied with infectious 
diseases than it was when earlier editions were published. 
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“Since the last edition was published there have been profound 
changes in immunologic conceptions, owing to the great advances 
made in the chemistry of antigens, and in the introduction of 
chemical and physical methods into the study of antigen-antibody 
reactions. The knowledge of haptenes such as the carbohydrate 
fractions of bacterial antigens and the lipoi! fractions of heterophile 
antigens, together with the precise studies of Wells and Landsteiner 
in particular, have made it possible considerably to simplify theo- 
retical conceptions. Much that is of pure historical interest has 
been abbreviated and technical details have been omitted in many 
Cases. 

“Due to the many changes in the subject, the section on ana- 
phylaxis and hypersensitiveness have been completely rewritten. 
More attention has been given to analysis of the immunologic prin- 
ciples underlying the biology of the more Important infectious 
diseases.” hk. 


GENEESKUNDIGE KUNSTKALENDER Voor Her Jaar 1931. 25 
illustrations, The Hague: J. Kreseman. Price, $1.50. 


Tuts Medical Art Calendar has ever since the World War been a 
favorite with many interested in medical history. There are 27 8 x 10 
inch fortnightly sheets with a memorandum space for each day at 
the bottom, the major space being occupied by really excellent 
reproductions of medical paintings, loosely tipped in. For each is 
given in Dutch and English the title, painter (with dates), present 
location, a short account of the work and its author. ‘These informa- 
tive notes have been furnished by Sikkel, de Lint and Van Gils. 
Further to entrance the value of this production, the pictures 
reproduced in former years can be hought for fl. 4.50 or fl. 50. 
$20.00) for the whole series. They are well worth it. KE. A, 


kyr, Ear, Nosk anp Turoar ror Nurses. By Jay G. Roperrs, 
Pu.G., M.D., F.A.C.S., Licentiate, American Board Otolaryn- 
gology. Pp. 213; 102 illustrations. Philadelphia: F. A. Davis 


Company, 1931. Price, $2.25. 


Iv is the author’s wish in writing this book to “bring to the nurse 
in training as well as to the graduate, such a conception of diseases 
ind operations of the eye, ear, nose and throat, as will enable her to 
vive to the specialist in these diseases the same aid and assistan 2, 
ind to the patient the same care and skill, that she has so long 
exhibited in the field of medicine and surgery.” 
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The experience of 20 years in head surgery and a great interest 
in nursing education are evident as one reads this book. It begins 
with the essential material covering hygiene, anatomy and diseases 
of the eve, ear, nose and throat. Then the surgery of these structures 
is carefully outlined as to the preparation of patient, anesthesia, 
instruments used in the operation and the ‘After Care.” 

There is one chapter on drugs and formule used generally by these 
specialists; one on the value of antiseptics, one on bacteria concerned 
in diseases of the eye, ear, nose and throat ;one covering the “Don'ts” 
for nursing these patients and finally one on emergencies, met with 
at times, in this kind of work. 

A glossary and index complete this text for which there is a need 
especially in schools where there is not sufficient time allowed for 
this important material. M.S 
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The Surgical Clinics of North America (Mayo ¢ 
1931). Pp. 211; 74 illustrations. Philadelphia: W. B. Saunders Con 
pany, 1951. 

Memoir € Comunicazioni Ne venti fiche Prot ESSOR ESARI 
SERONO, Dottore in Medicina ed in Chimica, Docente di Chimica e 
Microscopia Clinica Nella R. Universita di Roma. Pp. 701. Rome 
Instituto Nazionale Medico Farmacologico Serono, 1931. 

Dynamic Retinoscopy. By Marcarer Donson, M.D., Lond. Pp. 56; 
11 illustrations. New York: Oxford University Press, 1931. Price, $2.50 

Les Poisons du Bac ille Tuber tleux et les wlio? ( ¢ daires et Humorale 
dans la Tuberculose. By Docreur JEAN ALBERT-WetL, Chef de Clinique 
Médicale adjoint 4 la Faculté de Médecine de Strasbourg, Ancien Interne 
des H6épitaux de Strasbourg. Preface by Proresseur A. Borre. 


Pp. 327; illustrated. Paris: J.-B. Bailliere & Fils, 1931. 
Nosokomeion. Quarterly Hospital Revie lirst Special Number, contain- 


ing the reports presented to the Vienna Congress. Pp. 492. Stuttgart 
W. Kohlhammer. Price, 15 Marks. 

Publications of the Committee on the Cost if Vedical Care Vo. 9 1 Surve 
of the Medical Facilities of the City oJ P} lade lp a, 1929. By NATHAN 
Sinal, D.P.H., and ALpeNn B. MILts of the Research Staff of the Com- 
mittee on the Costs of Medical Care. Pp. 208. Chicago: University of 
Chicago Press, 1931. Price, $1.50. 

Publications of the Committee on the Costs of Vedical Care Vo. rT. The 
“Municipal Doctor” System in Rural Saskatchewan. C. Rurus 
{0REM, PuH.D., C.P.A., of the Research Staff of the Committee on the 
Costs of Medical Care. Pp. 84. Chicago: University of Chicago Press, 
1931. Price, $1.00. 

Progressive Medicine, Vol. III. September, 1931. Vdited by Hopart 
Amory Hare, M.D., LL.D., Professor of Therapeutics, Materia Medica 
and Diagnosis in the Jefferson Medical College; Assisted by LreiguTron 
F. APPELEMAN, M.D., Instructor i Therapeutics, Jefferson Medical 
College. Pp. 315; 17 illustrations. Philadelphia, Lea & Febiger, 1931. 


Vit 
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le enschattlicher Kom lees zur Erfo Chung und Belktimpf- 


ing de Are tufstorunge? Pp. 26. Leipzig Theodor Steinkopff. 


Ve 


rice, Mark, 1.50. 


The first number of an “occasional publication of the Kerckhoff Institute of 
1 Nauheim 
ng Your Sickness Bill By Micnagbn, M. Davis. Pp. 276. Chicago 


niversity of Chicago Press, 1931. Price, $2.50 
che W enschaft und Werktdtige Volk. By Drs. AScCHOFF, 


Bier, His, v. Kren, v. MULLER, RUBNER, SAUERBRUCH and THOMAS 


Pp. 216: illustrated Berl Notgemeinschaft der Deutschen Wissen- 


haft, N.D 


NEW EDITIONS 
nosis and Treatment of Venereal Diseases in General Practice. By 
W. Harrison, M.B., Cu.B., FLR.C.P.E., Brevet Colonel 
2.A.M.C., and K.H.P Ret.); Director of Venereal Department, St. 
homas Hospit il With a chapter on The Medico-Legal] Aspects, ete 
I. G. CrooksHank, M.D., F.R-C.P., ete. Pp. 567; 79 illustrations. 


) 


ourth edition New York: Oxford University Press, 1931. 


iV of Laboratory Methods. By LorrripGe CumMMER, 


( 


PLALC.P., Instruetor in Dermatology and Syphilology, 
chool of Medicine, Western Reserve University Pp. 583; 173 illus- 
rations Phird edition, thoroughly revised. Philadelphia: Lea «& 
ebiger 103] Price $6.75. 

In this new edition the section on the Kahn reaction has been expanded and 
section has beer lded describing Kline’s reaction. Silver impregnation methods 
treponemata have been included, as have the Alzheimer method for studving 
ontents of the spinal fluid, newer methods of demonstrating oxydase 


he « ilar « | 
ranules, Newcomer's method for determining the hemoglobin content of the 
1, and others ’r. Cummer has also added descriptions of cistern puncture, 
terus index, the ohol test-meal, the sedimentation of red blood cells, the 
histamine in study secretion of hydrochloric acid by the stomach, 

nosis of granuloma le, the Queckenstedt test on the spinal fluid 
rranuloeytic angina, acute infectious mononucleosis, Schilling’s simplified 


thod for the Arneth count, leukocyte fragility, agglutination test for tularemia 

{1 undulant fever, and has revised the references to bile salts and »igments. 

\ thorough revision of the chapters dealing with blood counting and the histology 
ithology of the blood and anemias has been made by Dr. R. D. Leas, of 


Wester Reserve University 

e Practice of Medicine. By A. A. Stevens, A.M., M.D., Professor of 

\pphied The rapeutics in the Universitv of Pennsvlvania Pp. 1150: 
istration. Third edition, entirely reset. Philadelphia: W.B. Saunders 
ompany, 1931 Price, SS.00. 
An extensive 


vances made since 


revision has been necessitated by the many 


iral the s« edition in 1026 


hea in the Male and Female. By P. 8. Petouze, M.D., Associate in 
(rology and Assistant Genito-urinary Surgeon at the University of 
Pennsylvania. Pp. 440; 92 illustrations. Second edition, revised. 
Philadelphia: W. B. Saunders Company, 1931. Price, $5.50. 


lo those who know the author's long experience with gonorrhea and his free 


rard of unworth lols the success of this book comes as a matter of 

Irs His simple commonsense interpretations have been cherished—now 

tunately he adds new chapters and more supporting evidence (hence the 

nge in tithe which should carry conviction to a wider range of readers and 
1dd permanence to the alue of his book 


Text-hook of General Bacteriology. By O. Jorpan, Px.D., Profes- 
r of Bacteriology in the University of Chicago and in Rush Medical 

College Pp. 819; 200 illustrations. Tenth edition, entirely reset. 
Philadelphia: W. B. Saunders Company, 1931. Price, $6.00. 


len editions in 23 years more or less speak for themselves, 
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UNDER THE CHARGE OF 
W. S. THAYER, M.D., 
PROFESSOR OF MEDICINE, JOHNS HOPKINS UNIVERSITY, BALTIMORE, MARYLAND, 
AND 
JOHN H. MUSSER, M.D., 
PROFESSOR OF MEDICINE, 7T LANE UNIVERSITY OF LOUISIANA, NEW ORLEANS 


Acute Monocytic (Histiocytic) Leukemia. ( Lanert, 1931, 221, 
129) reports that there have been apparently IS cases of acute mono- 
evtic leukemia and describes still another case. In this instance the 
patient was a boy, aged 19 years, who was taken sick apparently about 
2 months before the fatal ending. When seen by the author 10 days 
before death he was found to be marke dly pale, had some epistaxis, and 
bleeding from the gums, which were swollen and granular. The spleen 
was enlarged 3 inches below the costal margin, but there were no 
enlargements of the superficial glands nor any particular evidence of 
hemorrhage aside from those from the mouth and nose. The white 
cells numbered 49,800, 87 per cent of which were oxidase-negative 
monocytes, which type cell was identical with the histiocyte, clasmato- 
eyte and monoblast of various writers. The condition clinically of 
monocytic leukemia does not differ from the other acute leukemias. 
It is only by study of the type of cell that the diagnosis can be made 
Assuming that the phyletic theory is correct, there is no reason to 
believe that there may not be a reticuloendotheliosis which gives rise 
to a third type of acute leukemia comparable in every respect to the 
myeloid and the lymphatic types. It is rather a coincidence that in 
the same issue of the journal, in the reports of medical societies, there 
should have been an abstract of a paper on monocytic leukemia that 
Clough presented at the meeting of the Association of American Physi- 
cians. The condition is extremely rare, as can be inferred from the 
fact that Clough finds reports of only 16 cases and the author of 1S. 
In Clough’s case, in addition to the immature cells which showed the 
finely reticulated nuclear structure typical of monocytes, together with 
the grayish-blue cytoplasm and the reddish-lilae granules, there was 
also additional information obtained from the postmortem examination, 
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which unfortunatel) was not obtained in the author’s case. At autopsy 
of the case ‘‘there was a very widespread leukemic infiltration of the 
tissues with reticulum cells that exactly resembled the monocytes in 
the blood.” There were observed also changes in the endothelium and 
vascular space of the spleen. Soth of these two writers believe that the 
disease is a distinct syndrome, but Clough, while stating that it is a 
distinet systemic disease, calls attention to the fact that there is often 
perverted activity of other parts of the hematopoietic system. 


Effect of Brain Diet in Pernicious Anemia.— Liver, kidney, spleen 
and stomach have all been organs which have been used to evoke a 
re ticulocy tic response when fed to patients suffering from pernicious 
anemia. UNGLEY (Lancet, 1931, 221, 63) reports upon the use of brain 
diet and gives a record of 7 patients he studied, 4 of whom had per- 
nicious anemia and 3 of whom had a simple achlorhydrie anemia. The 
amount of brain substance given varied from 240 to 480 gm. a day. A 
reticuloeytie rise occurred in each of the 4 cases of pernicious anemia. 
The effect on the other 3 cases in 1 instance was mildly positive and 
negative in the other 2. He believes that the hematopoietic potency of 
ox brain in pernicious anemia is approximately one-third that of ox 
liver, drawing his conclusions from this small number of cases. He 
does assume, moreover, Without any very good evidence that such i 
the truth, that the efficacy of brain itself is greater than liver in patients 
who show neurologic lesions. 


The Relation of Achlorhydria to Pernicious Anemia. The various 
tudies which have been made in the last few vears on pernicious anemia 
have naturally aroused considerable interest, both investigative and 
peculative, on the cause of pernicious anemia and the bearing that 
chlorhydria may have on the pathogenesis of this blood disorder. 
Moscucowitz (Arch. Int. Med., 1931, 48, 171) reviews certain aspects 
of the achlorhydria which go with pernicious anemia, the diagnosis of 
hich is not valid unless this finding is present. From the evidence 
hat he has been able to obtain from the literature this author believes 
at achlorhydria does not result from the disease but is a primary find- 
ng which occurs in a comparatively small percentage of apparently 
rmal people, the percentage increasing with each decade. The 
bsence of free hydrochloric acid occurs in certain families, but it is 
t by any means indicative that all members of the family will develop 
pernicious anemia. However, as a certain few do so, the condition 
iv be described as being relatively frequently hereditary and familial, 

it whether or not it depends upon definite Mendelian characteristics 
nnot be determined at present, certainly not until at least three 
nerations may be studied with regard to the gastric acidity and the 
od count. Further statements that the author makes include one 
the effect that Bothriocephalus latus probably does not cause perni- 
us anemia but rather that this particular parasite is found from time 
time in the intestinal tract of people who have Addisonian anemia; 

a coincidence rather than an etiologic agent. It has never been 
nitely proven that pernicious anemia occurs after gastric resection 

th its associated achlorhydria. Some of the severe anemias of preg- 
icy are probably cases of pernicious anemia in individuals who have 
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become pregnant. Anemia of sprue often is associated with achlor- 
hvdria, although this does not occur by any means in many instances 
nor is it known, when it does happen that there is no hydrochloric acid 
in a sprue victim, whether or not this is an acquired or a constitutional 
tendency of the disease. The last conclusion the author draws is that 
while achlorhydria is the most tangible evidence of the constitutional 
background of pernicious anemia, it is by no means the sole one. 


SURGERY 
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The Nerve Pathways in the Vomiting of Peritonitis. WaAtvron, 
Moore, and GrawaM (-Irch. Surg., 1931, 22, 829) say that the experi- 
ments here reported show that the vomiting of peritonitis is the result 
of the stimulation of afferent nerve endings located in the peritoneum 
The emetic impulse thus initiated passes to the medullary center by 
way of sensory nerve fibers, which are included in both the vagal and 
sympathetic trunks. Section of these trunks prevents the occurrence 
of vomiting in peritonitis, although phrenic and other cerebrospinal 
nerve paths are left undisturbed. Since by sympathectomy alone, or 
by vagotomy alone, vomiting in peritonitis is not abolished, the afferent 
emetic impulse evidently traverses either pathway with equal facility 
The consensus among anatomists seems to be that the parietal peri- 
toneum is chiefly supplied by cerebrospinal somatic afferent nerves, 
whereas the visceral peritoneum receives its supply from the visceral 
afferent fibers that course in the vagal and sympathetic trunks. If 
this point of view is correct, the foregoing experiments indicate that 
it is the irritation of the visceral and not of the parietal peritoneum that 
gives origin to the vomiting in peritonitis. 


Observations on Some Tendon Ruptures.— IP (Brit. Med. J/., 
1931, 366, 611) says that tendon ruptures may be divided into two main 
groups: the common rupture, produced by the sudden powerful over- 
stretching of a muscle already in a state of contraction. Well-known 
examples of this type are disinsertion of the extensor tendons of the 
fingers and ruptures of the tendo-Achilles, rectus femoris and liga- 
mentum patelle. The second group comprises a less common and 
more insidious form of rupture—spontaneous rupture—seen in certain 
tendons which occupy a bony groove. In these circumstances the 
rupture is determined by a preéxisting adhesion of the tendon, which 
gradually becomes attenuated and ultimately snaps across in response 
to a comparatively trivial injury. The tendons most liable to rupture 
by this process of attrition are the extensor longus pollicis and the 
long head of the biceps. Tendon ruptures may also be classified accord- 
ing to the site of the tear which may take place (a) at the musculo- 
tendinous junction, (b) in the tendon itself, or (¢) at the point of 
insertion. Tears in the neighborhood of the musculotendinous junction 
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are almost invariably incomplete and from a functional standpoint are 
equivalent to partial tears of the muscle belly-—lesions which are 
isually included under the generic title of “strain.” This paper is 
mainly concerned with the problems of early diagnosis and operative 
repair in some of the more important complete ruptures. Early diag- 
nosis and prompt treatment are greatly to be desired. Nine successful 
ases out of 10 cases of ruptured tendo-Achilles are recounted with “good 
function” in the remaining case. The best known of the spontaneous 


ruptures of tendon is that of the extensor longus pollicis, either asso- 
ciated or not with fracture of the lower end of the radius and usually 
following painful tenosynovitis. In such cases success in restoring 
inction will not be attained unless the obliquity of the tendon is 


preserved, 


The Use of Local Anesthesia in the Treatment of Fractures. 
Hosrorp (Brit. J. Surg., 1931, 18, 546) claims that local anesthesia for 
etting fractures, when performed by injection 2 per cent novocain 
directly into the hematoma, which surrounds all parts of the fracture, 

a safe and prac ticable procedure. Bevond the prick of the first hy po- 
(le rmic needle there should he ho pain, except occasionally as the needle 
penetrates the periosteum and sometimes as the bruised soft parts are 
essed upon during reduction. The latter, however, only occurs in 
Iractures due to dire tv iolenc e Muscular relaxation should be as good 


it is with general ether anesthesia and better than is usually obtained 
with nitrous oxid. Skiagrams should always be taken before Injecting 
the novocain, so as to be certain as possible of getting the solution 
between or against the fragments, as failure to do this is almost invar- 
thly the cause of failure to bring about relief of pain and relaxation 
muscle spasm, provided a freshly prepared 2 per cent solution of 


ocain is used. 


Solitary Cysts of the Kidney. (.1nn. Surg., 1931, 93, S6S 
tates that solitary cysts of the kidney are of more frequent occurrence 
in is apparent from the literature. A roentgenogram may reveal the 
ence of a cyst, especially if it arises from the lower pole of the 


ney. Pre-operatively, a pyelogram may show a normal kidney. 
inctional tests may be normal and there may be no urinary symptoms. 
(onservative renal surgery is the indicated treatment for a solitary 


t either by dissection of the cyst away from the kidney tissue or by 
« removal of the cyst together with a small wedge-shaped portion of 
e pole of the kidney. This will then allow adequate approximation 

the kidney tissue. Nephrectomy should be performed only in the 

ence of some coéxisting renal pathologie condition, such as tumor, 

rculosis or caleul, if deemed ad\ isable. 


Fractional Gastric Analysis in 200 Cases of Duodenal Ulcer. 

CKIUS, GLASSMIRE and Bank (Am. J. Surg., 1931, 12, 6) assert that 
fasting residuum in many cases is characteristic. The quantity of 
residuum is greater than normal, averaging 67 cc. It might be 
ribed as a thin, watery opalescent fluid often having a faint greenish 
luish tint. In 39 per cent of cases the residuum contained gross 
a much greater incidence than in normal individuals. A post- 


| 


720 PROGRESS OF MEDICAL SCIENCE 


prandial hyperacidity was present in 84 per cent of cases. This per- 
centage is slightly higher than any previous series reported. The finding 
of subnormal acidity is so infrequent in duodenal ulcer that one should 
hesitate before making a positive diagnosis of ulcer of the duodenum, 
if the acidity is subnormal. The review stresses the significance of 
delayed motility as determined by the fractional analysis in study of 
the patient with duodenal ulcer. The literature contains very little of 
value bearing on the effect of medical treatment in cases of duodenal 
ulcer as determined by the method under discussion. The incidence 
of cases having an ulcer relapse is recorded. The degree of gastric 
acidity seems to bear no relationship to the tendency to recurrence of 
symptoms. That is, relapses were not more frequent in cases showing 
extreme hyperacidity at the time of original examination than in cases 
with lesser grades of acidity. However, if repeated examinations show 
a tendency for the acidity to mount even higher, a recurrence should 
be anticipated. The majority of cases showing this tenden¢ \ developed 
a return of symptoms. If, after four to six weeks of a strict hospital 
regimen, the fractional test shows a Grade II or greater delay, medical 
treatment is doomed to failure and surgery had better be advised. 


The Transmission of Syphilis by Blood Transfusion.—PoLayrs and 
LEDERER (Am. J. Syph., 1931, 15, 72) state that the attention of the 
medical profession is called to the possibility of transmitting syphilis 
from donor to recipient or vice versa in the performance of blood trans- 
fusions. ‘Ten cases of this nature reported in the literature since 1917 
are reviewed and an additional case of an infant developing syphilis 
following a blood transfusion is described by the writer. Difficulties 
are encountered in determining whether or not the blood of a given 
donor is infectious. Cases are cited to prove that neither the absence 
of clinical signs nor a negative blood Wassermann reaction entirels 
excludes the possibilities of the existence of syphilis in the donor. It 
is urged that family donors should submit to the same rigid physical 
and serologic examination as professional donors, because in a large 
percentage of the cases family donors were responsible for the trans- 
mission of S\ philis to the recipients. 
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Intramuscular Use of Liver Extract.—It is now established that 
extracts of unusually small amounts of liver administered intravenously 
or intramuscularly will induce a remission in patients with pernicious 
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anemia. For patients who are very sick, or who require large amounts 
of the effective principle by mouth, or who are unable to take the 
extracts orally, Srrauss, Taytor and Caste (J. Am. Med. Asen., 
1931, 97, 313) developed a product which is suitable for intramuscular 
use. The starting point in the preparation of this liver extract was the 
so-called ““G fraction” of Cohn, Minot and their associates (Liver 
Extract No. 343 N.N.R.). An amount of this, derived from 10 kg. 
of liver, was poured into 1600 ce. of distilled water and the solution 
effected so far as possible by stirring and raising the mixture to the 
boiling point for five minutes. “ During the warming of the solution, 
6 cc. of tricresol was added and the mixture allowed to cool to room 
temperature. Seventy-five cubic centimeters of 5 normal sodium 
hyvdroxid was added to bring the solution to about pH 7.4 and 2.5 gm. 
of dihydrogen sodium phosphate dissolved in 10 ec. of distilled water 
was added to act as a buffer. The pH was checked. The volume was 
made up accurately to 2000 ec. and the solution allowed to stand in 
the icebox for 2 days. The supernatant liquid above the precipitate 
was removed by decantation and passed through a good grade of 
filter paper. The extract was then run through a Berkefeld filter and 
put up in 10-ce. amounts in glass vials with small rubber corks subse- 
quently coated with collodion. Sterility tests were performed. Kach 
vial contained the extract derived from 50 gm. of liver.” The extract 
thus prepared was injected intramuscularly into each of 3 patients in 
amounts of 2 ee. derived from 10 gm. of liver. These patients felt better 
within 2 days; within 3 days an increase of the reticulocytes occurred, 
which reached its maximal level within 5 to 7 days. The red blood cell 
count increased rapidly. The intramuscular injections of liver extract 
caused no untoward reactions. The authors recommend that in severely 
ill patients a total of 4 ec. of the extract should be injected, preferabl) 
at two different cites. This should be followed by daily injections of 
2 ce. The authors claim that the intramuscular administration of this 
liver extract may be particularly valuable in very sick patients, in 
patients who require unusually large doses of liver extract by mouth 
in order to induce remission and for improvement of the cord symptoms. 
Che extract has also an advantage from an economic standpoint. 


Arsenic as a Therapeutic Agent in Chronic Myelogenous Leukemia. 
and McNair Scorr (J. Am. Med. Assn., 1931, 97, 3) 
udied the effects of the administration of solution of potassium 
enite (Fowler’s solution) in 10 cases of chronic myelogenous leukemia. 
ine of these cases have shown entirely similar responses to the treat- 
ent. There has occurred a reduction of the white blood cell count 
normal or nearly normal, an arrest of the progress of the anemia, a 
luction in the size of the spleen and liver, and improvement in the 
tient’s general condition. One patient failed to respond. The grad- 
lv increasing amounts of Fowler’s solution administered varied up 
thout 50 minims daily. If indicated, the administration was tem- 
arily discontinued. In general, it is advisable to administer the 
¢ rather rapidly until the desired effect is produced or until intoxi- 
on oecurs. The solution should then be discontinued for 4 to 
tvs and resumed in small daily doses. The explanation of how the 
ficial therapeutic changes are brought about is not discussed. The 


VOL. 182. No. 5.—NOVEMBER, 1931 25 


& 


PROGRESS OF MEDICAL SCIENCI 


results of treatment are in many respects analogous, it is claimed, to 
those produced by Roentgen rays and by radium. After complete 
withdrawal of the drug the white blood cell count remains low for about 
3 weeks and then usually rises rapidly to or above the initial count 
The administration of the drug should always be controlled by frequent 
blood examination. During the treatment the immature cells markedly 
decreased both absolutely and relatively. Frequently with the fall in 
the number of leukoey tes, a relatively increase in the number of mono- 
eytes and basophilic granulocytes and an increase in the number of 
nucleated red corpuscles occurred. No essential change was observed 
in the number of blood platelets Biopsy of the bone marrow suggested 
areturn to red. The metabolic rate has been reduced to approximately 
normal levels. The authors claim that solution of potassium arsenite 
is of definite value in the palliati e treatment of chronic myelogenous 
leukemia and perhaps can be used in conjunction with Roentgen therapy 
for the best sort of palliative treatment. The improvement can be 
maintained at least for a few months by the regular administration of 


small doses of the drug. 
PEDIATRICS 
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and Mirsky Ped., 1831, 47, 543 
discuss this disease very fully. They state that the following are the 
pathologic changes in the nervous system: Temporary meningitis duc 
to mononuclear infiltration; edema with destruction of anterior hort 
cells which are poisoned by the toxin and strangled by the edema; 
general perivascular round cell infiltration; punctate hemorrhags 
due to rupture of the pial vessels; shrinkage and lysis of anterior hor 
cells which become invaded by polymorphonuclear leukocytes; sclerosi 
in the late cases. The prophylactic treatment consists of the use of 
convalescent serum in doses of from 10 to 20 ce. at intervals of 4 to ¢ 
weeks during the epidemic. In the preparalytic stage the treatment 
consists of the administration of convalescent poliomyelitis serum 
This may be given intrathecally, intramuscularly or intravenously 
At the onset of paralysis massive doses of convalescent poliomyeliti 
serum may be of some value. In the postparalytic stage the treatment 
is principally orthopedic care. 


Synostosis of Cranial Sutures.—Jacossen (Arch. Ped., 1931, 47 
506) reports 5 cases of synostosis of the cranial sutures which were dis 
covered during a period of 6 months. In each of these cases the crania 
deformities were the result of premature union of the sutures. In mos 
of the cases the deformity was an oxycephaly, but in one a plagio 
cephaly developed. This deformity was extreme and offered an exce! 
lent opportunity at autopsy to study a severe case. In this case th 
brain was carefully studied for evidence of an abnormality which migh 
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account for the closure of the sutures on the one side before those on the 
other side. No changes in the brain were found except those which 
seemed to be the result of the abnormal shape of the skull. Psycho- 
metric tests on these children indicated that the mentality was little, 
if at all, below that of normal children. In only one case was there 
much disturbance of vision, although it is possible that symptoms may 
develop in others later. Oxycephalic individuals as a rule have defec- 
tive sight. The complaints are proptosis, headache, divergent strabis- 
mus, nystagmus and failure of vision. The most characteristic finding 
is optic neuritis. This is caused by increased intracranial pressure, small 
size of the optic foramina, upper deflection and stretching of the optic 
nerves as a result of bony deformity, and vascular conditions such as 
defective arterial supply or restriction of the venous return. The 
increased intracranial pressure Was demonstrated by Roentgen ray 


pictures in all of the cases of this series. Various etiologic factors have 
heen suggested as the cause of premature synostosis of the cranial 
utures. Among these have been rickets, syphilis, fetal meningitis, 
pituitary disturbance and lymphatie polyglandular dystrophies. Hered- 
itv is though to play little part in the etiology, but in this series 2 of the 
causes were brother and sister The mother of these children Was not 
oxycephalie but had unusually prominent eyes and a divergent strabis- 
mus Two of her sisters were similarly affected. In these three sisters 


here must have been localized SVnostoses. 


The Cure of Infantile Rickets with Tungsten-filament Radiation. 
GERSTENBERGER and Horesu (7. Am. Med. Assn., 1931, 97, 766) used 
he CX Mazda lamp which is a 115-volt 500-watt tungsten filament 
housed in a Corex-D glass bulb of 1 mm. thickness, which has been 
rosted on the inside, and which transmits light waves down to 2800 
\ngstrém units. Three moderately severe rachitic infants, of whom 
vere negroes and l white, were cured, as shown by blood and Roent- 
examinations, by daily 12-hour exposures to suberythemal doses 
tungsten-filament radiation. The lamp was suspended in oxidized 
iminum reflector from the ceiling of a room at a distance of 5} feet 
ve the bed level. This represented a total daily illuminating intens- 
of about 900 footcandle-hours or an average of illuminating intensity 
7) footeandles. The accuracy of the method of checking the rickets 
re exposure to the lighting scheme and the uniformity in the positive 
ilts obtained in each infant make the small number of 3 patients 
pendably accurate for the drawing of conclusions. The infants were 
ed in shirt, diaper and booties, which left the head, neck and the 
iter part of the legs free for exposure. Goggles were used during the 
Tew day s, but were discarded without harm, because of the annoyv- 
produced by the moisture collecting under them. No erythema 
ever observed, although a mild but definite pigmentation gradually 
loped over the exposed areas. The negro infants perspired rather 
larly, whereas the white infant showed sweating usually only after 
rg his bottle. This difference probably was due principally to 
ise of absorption and the decrease of reflection of the rays by the 
ot the colored children, whose bodies responded “as phy sical black 
No discomfort was noticed in the eyes, on the skin or on the 
us membranes. Infections of the upper respiratory tract that were 
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present when the observations were begun were not prevented from 
recurring, although they seemed to have become less severe. The 
results of the observations made, especially in view of the fact that 
curative dosage is larger than its preventive dose, indicate that the 
“dual-purpose lighting” as proposed by Luckiesh, probably will 
become feasible. A fourth infant was exposed front and back, at a dis- 
tance of SO cm. for 13 hours to an intensity of illumination of 1200 foot- 
candle-hours produced by a portable unit with resultant complete 
healing within 73 weeks of the moderately severe rickets as shown by 
blood and Roentgen examination. 


Pulmonary Tuberculosis in Children. —Lesrocovoy (. Wédecine, 1931, 
12, 361) feels that it is the clinical observation of tuberculous children 
which furnishes the elements for the prognosis and the indications for 
the treatment. The weight curve, the improvement or the change in 
the general condition, and the temperature curve are the first and most 
important means of evaluation. The monthly taking of a Roentgeno- 
gram of the chest and its comparison with the preceding Roentgeno- 
grams must be considered as an absolutely necessary procedure. He 
considers no less important the use of a negatoscope. Monthly stomach 
lavages and the examination of the gastric contents for tubercle bacilli 
furnish new information of prognostic value. The new methods of 
blood examination and the speed of the erythrocyte sedimentation 
should be used. The author groups the indications for therapeutic 
pneumothorax under two headings. The diagnosis of the nature, site 
and extent of the lesions is based on knowledge of the family history, 
skin reaction and roentgenography and sputum examinations. The 
prognosis is based on weight curve, temperature curve and roentgeno- 
graphic developments. It is absolutely necessary in children as well 
as in adults that the treatment be individualized. 
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The Contact or Patch Test in Dermatology.—-After outlining the 
simplicity of the method of performing a patch test, SULZBERGER and 
Wise (Arch. Dermat. and Syph., 1931, 23, 519) stress its importance 
in the investigation of cases of acute eczematous dermatitis of uncertain 
etiology. It is of little value in cases of chronic lichenified eczema 
neurodermitis, seborrheic dermatitis, urticaria and noneczematous drug 
eruptions. The chief value of the patch test is in the study of occupa 
tional dermatitis, in dermatitis venenata and in drug eruptions of ecze 
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matous type—in other words, in all the more superficial acute or 
subacute eczematous reactions, whether from endogenous or exogenous 
causes. The authors caution against accepting as positive any sub- 
stance which has not previously been investigated on normal skins to 
prove that it is not in itself a primary irritant. This is well illustrated 
in the case of soaps which, unless reduced to an emulsion sufficiently 
dilute to be injurious to normal skins, may give rise to false positive 
readings. Furthermore, a positive test does not tpso facto establish 
the relationship of the reacting substances to the dermatosis under 
investigation. <A clear history of the opportunity for contact with the 
particular substance is essential. In addition, to be of diagnostic 
significance, the reaction must take the form of the dermatitis being 
investigated, that is, it must be an eczema of some kind. ‘The authors 
reémphasize the question of polyvalent sensitizations, and state that 
a dermatitis so complicated may continue when only one of the causa- 
tive factors is unearthed by patch testings. Furthermore, since 
spontaneous desensitization may occur, a negative patch test does not 
necessarily exclude the instrumentality of a substance which, from 
the history, seems a possible source of irritation. Subsequent re- 
testing may establish its relationship to the eczematous reaction. The 
question is further complicated by the phenomena of local hypersensi- 
tiveness and immunity. For example, a local dermatitis may not be 
productive of generalized skin hypersensitiveness. Consequently the 
patch test may be negative to the known cause of the dermatitis. 
Despite these reservations, the authors conclude that the patch test is 
invaluable in the investigation of dermatitis of the eczematous type 
and should replace the scratch and intradermal methods in the study 
of such problems. In properly selected cases one may expect about 
a 30 per cent incidence of positive patch tests, and in this group such 
confirmatory evidence is invaluable from the therapeutic standpoint. 


Reactions of the Skin Following the Intradermal Injection of 
Arsphenamin. Moore, Woo, Roprnson and Gay (Arch. Dermat. and 
Syph., 1931, 23, 74) have carried out intradermal tests with arsphena- 

in products in four groups of persons: (1) 386 normal controls; (2) 

patients with syphilis, most of whom had received therapeutic 
jections of arsphenamin without the occurrence of reactions of the 
rmatitis group; (3) 19 patients with allergic instability (hay fever); 
35 patients who had suffered from a postarsphenamin dermatitis. 
about 60 per cent of normal persons a delayed reaction, “ flare-up,” 
eloped at the site of intradermal injection after an incubation period 
from 3 to 4 weeks. This has been interpreted as evidence of sensi- 
ation to arsphenamin. In a small proportion (44 per cent) of 
philitie patients under treatment similar reactions, which are less 
ere and extensive, developed which appeared earlier (in from 2 to 
veeks) than in normal controls. This reduction in incidence and 
erity and the shortening of the incubation period were attributed 
the desensitizing effect of previous or simultaneous intravenous 
inistration of arsphenamin. In all except 1 of the 19 patients 
hay fever tested much more violent and severe reactions developed, 
earing earlier (in from 1 to 2 weeks) than in either of the control 
ps. This is interpreted, not as a sensitization to arsphenamin, but 
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as probably due to local autoinoculation of the sensitized patient with 
his own antigen (pollen) in an inflamed area (.Auer’s phenomenon 
In the case of 35 patients with postarsphenamin dermatitis strongly 
positive reactions, appearing much earlier (in from 2 to 7 days) than in 
any of the other groups, occurred in 70 per cent of those who had had 
the exfoliative type of dermatitis, and in only 11 per cent of those who 
had other types of rashes. A negative skin test in postarsphenamin 
dermatitis does not indicate the absence of arsphenamin hy persensi- 
tiveness, in the opinion of the authors, since negatively reacting patients 
have otten had repeated generalized rashes on attempts to administer 
therapeutic doses of these drugs 
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Irradiation of Cervical Cancer. There have been frequent change 
of methods ut The Mayo ( linic since the Ince ption of irradiation treat- 
ment of cancer of the cervix in 1915 according to BowING and Frick! 

Minn. Medicine, ist, 24, 235i \t present, intensive fractional 
dosage is emploved, a massive dose being applied over a period of 2 to 
weeks The radium is used in S applications, being applied intra- 
cervically, interstitially, within the uterus and vaginally followed by 
1, 2 or 3 courses of Roentgen treatment. The 50-mg. universal tube 
filtered through 1.5 mm. of monel metal or a tube containing 50 milli- 
curles ot radon, enclose d in 0.5 mm. of silver and | mm. of brass is the 
usual radium applicator emploved. The duration of each treatment is 
12 to 14 hours. The entire length of the cery ical canal and uterus Is 
treated, applying 2 treatments to each 2.5 em. of canal. In large cauli- 
flower growths, radium in platinum needles is implanted, distributing 
the energy equally throughout the mass. The vaginal applications are 
made to the face of the cervix and in each fornix; the radium, besides it 
covering of monel metal, is shielded by 2 mm. of lead and | em. of Para 
rubber. Treatments are given under direct inspection with the patient 
in the knee-chest position \nesthesia Is not re juired although a seda 
tive is often given hy podermically Seventy-five per cent of the eark 
cases treated obtained a 5-vear cure, while 61.53 per cent of the border- 
line, 21.49 per cent of the inoperable and 24.82 per cent of those with 
modified lesions obtained 5-vear cures. The hospital mortality over 
a 10-year period has been | per cent. A study of 417 cases of cancer of 
the cervix treated at the State Institute for the Study of Malignant 
Disease at Buffalo by the combination of radium and Roentgen irradia- 
tion has been presented by Scureiner and Kress (.tm. J. Roentgen 
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Joqu, 1931, 25, 359 Using the Schmitz classification of the stage of the 
disease, thes were able to obtain o-Vvear cures in rcent in Group | 
27.7 per cent in Group 2; 13.2 per cent in Group 3; 1.1 per cent in Group 
fs and 6.5 po recent in Group 9 ( ombining Groups | and 2 which were 
the operable Causes, OS per nt bene clinically well over Vvears, 
while combining Groups |, 2, and 3 in which at the time of admission 


it was thought possible to effect a cure, there were 37 out of IS] or 20.4 


per cent clinically well over 5 vears These cases were all treated prior 
to 1926 and they believe that the improvement in technique since then 
hould give better results in the cases treated since that time 


Salpingography. The que tion has often been raised as to the ulti- 
mate fate of the oil which is injected into the Fallopian tubes in the 
performance of salpingography and the answer that is usually given 

that it is gradually absorbed Such an outcome does not always 
occur however, as evidenced by a case reported by Novak (Zentralbl. f. 
Gyn, 1931, 55, 1449) in which lipiodol was found to be present in large 


amounts in closed tubes 15 months after it had been In jer ted by Was 


the uterus tor diagno ti purposes The oil Was found not only in 
the lumen of the tubes but upon Microscopic ¢ xamination it Was seen 
to be present in the walls of the organs Although no definite destruc- 


e changes were pre ent, Novak feels that salpingograph: is hy ho 

means the harmless and safe method of examination which han 

estigators claim for it and that in most cases it would be much simpler 

and less dane rous to ¢ mploy the tubal insufflation test in which only 
i absorbable gas Is injected 
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Hemorrhagic Retinal Lesions in Bacterial Endocarditis (Roth’s 
pots). Donerty and (./. Med. Assn., 1931, 97. 308 
nk that the characteristic retinal lesion of subacute bacterial endo- 
litis IS a Canoe -shaped hemorrhagic spot with a light central area 
tated in the most superficial portion of the nerve fiber layer. This 
¢ of hemorrhage appears suddenly and may remain only a few days 

e similar hemorrhages were seen in severe pernicious anemia and 
also observed immediately after a transfusion in a patient with a 

of unexplained origin. Round, elliptic or flame-shaped hemor- 
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rhagic spots without light centers may also be seen in subacute bacterial 
endocarditis but they are not pathognomonic. Lesions were found at 
some time in the retina of 11 of 25 patients with subacute bacterial 
endocarditis who were observed during their stay in the hospital. In 6, 
all or most of the hemorrhagic areas showed the typical white centers. 
In 4, the hemorrhages were atypical. In 1, round, white spots were 
present in the retina without hemorrhages. Histologically, these were 
found to be localized nodular swellings of the nerve fiber layer made 
up of a homogeneous mass simulating coagulated albuminous material 
without cellular infiltration. In 8 of the 11 cases blood cultures were 
positive for nonhemolytic streptococci, and in one other crushings of 
the valvular vegetations showed numerous streptococci. In 1, blood 
culture revealed a meningococcus. The retinal lesion is of diagnostic 
but not of prognostic value in subacute bacterial endocarditis, as it 
may appear and disappear in successive crops several months before 
death. In acute bacterial endocarditis a similar but more extensive 
retinal lesion may be seen as a late manifestation. There is edema of 
the retina with multiple discrete lesions, punctate elliptic hemorrhages 
with or without light center, or simply white spots. A histologic speci- 
men from a case of acute bacterial endocarditis showed moderate 
edema of the retina with scanty polymorphonuclear infiltration of the 
nerve fiber layer, and localized lesions of the nerve fiber and ganglion 
cell layers consisting either of extravasated blood with neighboring 
edema and lymphocytic and polymorphonuclear infiltration or of poly- 
morphonuclear infiltration alone. The choroid was relatively free of 
disease, containing only an occasional focal lymphocytic infiltration. 


Retinal Changes Due to Hypertension and Hypertonicity.— Guts’ 
(Med. Klin., 1931, 27, 195) believes that because of the relative thinness 
of their walls the retinal veins show evidences of primary hypertension 
earlier than do the retinal arteries. When the blood pressure is elevated, 
before the arteries show any visible sclerosis, the thinner-walled vessels 
will become dilated and tortuous at the points of entrance of the blood 
from the arterial capillary into the venous system. This dilation will 
be evidenced by corkscrew tortuosity of the terminal vessels, especially 
in the macular region. By a study of the changes in the retinal vessels 
it is possible to differentiate the two main types of hypertension 
described by Pal, primary hypertonus and toxogenic hypertension. In 
primary hypertonus the arterial walls become thickened but the walls 
of the veins remain normal. This can be demonstrated histologically. 
The thickening occurs in the media of the arterial wall. Ophthalmo- 
scopically, the small veins show corkscrew tortuosity while the veins 
in the neighborhood of the papilla appear normal, and pressure phenom- 
ena are seen at the arteriovenous crossings. In the early stages the 
vein is pushed back into the retina and appears narrowed on either side 
of the artery. When the arterial wall is definitely thickened, the vein 
in addition appears to be interrupted on either side of the artery. 
This marks an advanced stage of primary hypertonus. Advanced 
thickening of the arterial walls may also be evidenced by white strip 
accompanying the arteries throughout the retina. Choked disks may 
be present in this type of hypertension as an evidence of increased 
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intracranial pressure resulting from the hypertension. Intraocular 
hemorrhages may occur through rupture of a vein wall as a result of a 
sudden rise of pressure. In toxogenic hypertension the walls of both 


arteries and veins are thickened as evidenced by white strips accom- 
panying both types of vessels in the retina. The terminal veins are 
not tortuous. The arteriovenous crossings are characterized by pressing 
forward of the artery toward the vitreous and narrowing and interrup- 
tion of the vein on either side of the artery. The most typical form of 
toxogenic hypertension is lead poisoning. A similar picture is seen in 
secondary contracted kidney in which the vascular changes may be 
accompanied by retinitis. Histologically, the walls of arteries, veins 
and capillaries are found to be uniformly thickened in both retina and 
choroid. The changes in the walls of the retinal vessels remain as 
evidence of the hypertensive disease even if the blood pressure falls. 
The tortuosity, of the veins resulting from venous stasis differs from 
that associated with hypertension in that it is seen in the veins around 
the disk and decreases in the smaller peripheral veins. 


Lymphorrhagia Retine Traumatica.-- Rapos (.{reh. Ophthal., 1931, 6, 
93) reports a case of traumatic retinal lymphorrhagia following a fall 
from a horse with some compression of the thorax but without fracture 
of the skull or loss of consciousness. The patient complained of blurring 
of vision in the left eve shortly after the accident. Seven days later 
numerous white, shiny spots varying in size from one-half to 1 disk 
diameter were seen in the retina, encircling the disk and macula but 
leaving the macula free. The spots were situated in the inner layers 


of the retina, sometim-s covering the vessels and arranged mainly 
along the veins. The ere a number of small striate hemorrhagic 


areas around the disk and a preretinal hemorrhagic area nasal to the 
disk and one below the macula. The disk was clear. Folds were present 
n the retina between the disk and the macula. The retinal veins were 
inarkedly dilated and tortuous. These lesions cleared up in 4 weeks 
nd the vision returned to normal. All the previously reported cases 
this type followed head injuries, usually with fractures of the skull 
evere concussion. Rados believes that the white patches are caused 
the escape of fluid through small ruptures in the perilymphatic 
aces around the retinal veins following a sudden increase in the pres- 
ire of the cerebrospinal fluid in the cranial cavity and the resultant 
reing of the fluid into the vaginal spaces of the optic nerve with which 
lymph spaces of the central vessels directly communicate. The 
ompt appearance of these patches (observed in 1 case 20 hours after 
e injury) and their relatively rapid disappearance indicate that the 
tches are due solely to the imbibition of fluid into the retina and 
to secondary changes such as swelling of the axis cylinders and 
veneration of the glial tissue. Cases in which white patches in the 
ha are associated with choked disks probably do not belong in this 
up. These cases are most often unilateral. While they usually 
ww head injuries, Rados believes that compression of the thorax or a 
den shortening of the spinal column can cause sufficient forcing 
luid into the cranial cay ity to produce the retinal picture. 


730 PROGRESS OF MEDICAL SCIENCE 


OTO-RHINO-LARYNGOLOGY 


UNDER THE CHARGE Ol 


DEWAYNE G. RICHEY, B.S., M.D., 


MERCY HOSPITAI PITTSBURGH, PA 


Peritonsillar Abscesses.. Endeavoring to define the anatomic rela- 
tionship of peritonsillar abscesses, ¢ ANUYI lian. dotolaryngol., L931, 
examined roentgenologicalls the localization of lipiodol injected 
into the faucial areas of cadavers and into previously aspirated peri- 
tonsillar abscess cavities (1 0 bv these procedures it was learned 
that the abscesses occurred most Treq Ue ntly above and laterally to the 
tonsil in the loose areolar tissue between the so-<« alled tonsillar « apsule 


and its pharyngeal bed. At times the lipiodol extended posteriorly, 
but never outwardly into the deeper cervical structures For early 
diagnosis the author advocates exploratory paracentesis -by intro- 


ducing a needle of wide caliber through the anterior pillar just laterally 
to the tonsil in the upper two-thirds for a distance of approximate, 
La em. | laims for efficacy ot low al wine sthesia are made Pus having 
been recovered on puncture, the anterior pillar Is incised verti ally from 
the upper pole ot tonsil to the level of the lower third molar for a dis- 
tance of 1.5 em.., keeping outside the « apsule of the tonsil If the pus 
is not encountered at this depth, the car it) is entered by a blunt instru- 
ment. Tonsillectomy during the acute stages of a quinsy is countenanced 
but not championed as a routined measure 
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Necessity for Accurate Technique in Oral Cholecystography. 
Of the two methods of cholecy stography, the oral method of adminis- 
tering the opaque dye is far more extensively employed. Yet it is widely 
assumed to be considerably less accurate than the intravenous method 
KIRKLIN (tim. J. Roent. and Rad. Thi rap., 1931, 25, 595), however, is 
convinced that this assumption has been derived from the experimental 
period of cholecystography when the methods of oral administration 
were diverse and highly imperfect, and that, if a rational and punctilious 
technique is employed, the diagnostic results following oral administra- 
tion of the dye are fully as reliable as when it is given intravenously 
Experience has shown that | the drug should be administered in 
sufficient quantity and freely absorbable form; (2) it should be so given 


| 
/ 
| / 
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that it will not tend to excite nausea, vomiting or catharsis; (3) it 
should be taken into the stomach immediately after a full meal contain- 
ing a minimal quantity of fats; (4) purgatives and medicaments that 
affect the motility or absorbabilits of the howel or the function 
of the gall bladder should he interdicted during and shortly before the 
examination. In compliance with these and other requirements, the 
author employs the following routine technique at the Mayo Clinic: 
Sodium tetraiodophenolphthalein is dispensed to the (adult patient 
ina uniform dose of 4 gm freshly dissolved in 30 ec. of distilled water 
He is instructed to mix the solution with a glassful of grape juice, 
orange juice or carbonate dl Water and to drink thre mixture immediatels 
after the evening meal at GO PLM It is urgentl, insisted that the meal 
be of substantial amount, reasonably free of butter, cream and other 
fats, and followed at once the Laxatives and othe r medi ines 
are forbidden \t 7 A.M. on the morning of the test the patient take 

a rectal injection of warm soap suds and continues until the enema 
returns Clear He is directed not to eat breakfast but is pe rmitted to 
have water, black cotfee or clear tea Roentgenograms are made at 
Sa.m., lO a.mM.oand 2 pom. Between the second and third sets of chole- 
the partie nt direc ted to take with the The al a glassful 
of milk and cream or the equivalent in other fats if preferred Items 
in the roentgenographic technique include a flat Potter-Bucky dia- 
phragm high milliamy eraye, short ¢ \posure time prone position ol the 
patient in a comfortable posture, immobilization by) a Canvas strap 
drawn tightly over the bac k, ane « \posure in arre ted re spiration alter 
deep ¢ \piration 


Intragastric Photography. (Radiological 1931, 5, 113 
has for 2 vears employed iIntraga tri photography successfully in the 
demonstration of gastric lesions. Under fluoroscopic control a miniature 
camera 1s introduced into the stomach in the Manner employed for 
pa ing ul lavage tube, and the stomach is inflated with air The 
amera Carries eight small films, two of which are directed toward the 
esser curvature, two each toward the anterior and posterior Walls, and 
two toward the vreater curvature This prac tically covers an area ol 
Yor 6 inches longitudinally and in ludes the entire Cire ulnterence otf 
his seetion The double views furnish ste reoscopic prints on enlarge- 

ent They exhibit small ulcers and other minute lesions which mas 

it be demonstrated yy other means The method can be used with 
ipidity, and with ease and safety to the patient. Its greatest valu 
when taken in conjunction with careful roentgenologic examination. 


Biologic Sources of Radioactivity. In consonance with the findings 
Pouirzer, Gurwircn, Clark and other investigators, WATTERS 
Irch. Phys. Therap., X-ray and Radium, 1931 12, 272) finds that living 
lants and animals, including man, show a characteristic radioactive 
tensity. The radioactivity is so slight that instruments of great 
ensitivity are required, and Watters has devised an improved apparatus 
this purpose The hand, being the most accessible part of the human 
atomy, Was subjected to investigation, and was found to yield similar 
diation measurements in all persons examined. The work was 
mfined to normal persons, and it is not as yet known whether radia- 
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tion is altered by disease. Quantitatively the tongue gave off three 
times as much as the hand. About one-fourth of that emitted by the 
hand was given off by the cheek and forehead. Violent exercise seem- 
ingly produced a marked increase in the radiation output. Fatigue, 
however produced, increased the output. The radiation from fruits 
and vegetables when held between the cupped hands for 30 minutes 
increased to more than twice the normal, and was equal to that of the 
subject. Rays from the hand will penetrate paper, photographic film, 
and 1 mm. of aluminum. The rays are hindered by a vacuum and 
are influenced by magnets. 


The Roentgenologic Demonstration of Polypoid Lesions and Poly- 
posis of the Large Intestine.—The commonly used opaque enema will 
often exhibit polypoid growths of the large bowel, but the results 
obtained by this method are not consistently reliable. A few years ago 
Fischer conceived the idea of employing air in combination with the 
enema and found it superior to ordinary procedures for demonstrating 
colonic lesions. WEBER (Am. J. Roent. and Rad. Therap., 1931, 25, 
577) has further modified Fischer’s method with excellent results 
especially in exhibiting polyps. On the day before the examination 
the patient abstains from the evening meal and takes 2 ounces of castor 
oil. Next morning the bowel is cleansed by one or two plain enemas 
At the laboratory an opaque enema with a consistence of heavy cream 
is administered, and the appearance of the bowel is studied fluoro- 
scopically. The patient is then required to evacuate the enema as 
completely as possible, but a thin coating remains uniformly distributed 
over the intestinal mucosa. Then under fluoroscopic control the colon 
is inflated with a hand blower equipped with a self-retaining tip. Care 
is exercised not to overdistend any of the segments. After the bowel 
is inflated, the tip is removed, and stereoscopic roentgenograms are 
made. By these modifications, which comprise chiefly an almost 
complete evacuation of the enema and stereoscopic roentgenograms 
the internal topography of the bowel is exhibited throughout in minute 
detail, overlying loops of intestine can be studied separately in the 
stereoscopic view, and polypoid growths, however small, are readily 
discerned. 


The Cancer Problem, Present and Future. Statistics, declares 
KRAEMER (Am. J. Roentgen. and Rad. Therap., 1931, 25, 793) show 
that 1 person out of every 9 is afflicted with cancer at some time in his 
life. Seventy per cent of persons attacked by cancer die from its effects, 
and in the remaining 30 per cent practically all the cancers are found 
and treated at an early stage. Since 1916 the cancer death rate in the 
United States increased from 81.1 per 100,000 to 95.6 in 1927, or 
approximately 18 per cent. Search for the cause of cancer, for improve- 
ment in its diagnosis and for efficient treatment continues actively. 
In regard to therapy the author believes that, as an adjunct to surgery, 
Roentgen rays and radium, lead has a distinct place in the treatment 
of cancer, but should never be used alone as a major treatment, nor 
used with idea of breaking down a large tumor by causing thrombosis 
of its vessels. 
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Diffuse Progressive Degeneration of the Gray Matter of the Cere- 
brum.—ALPERE (Arch. Neurol. and Psychiat., 1931, 15, 469) presents 
in great detail his gross and histopathologic studies of the cerebrum of 
a child who was apparently normal until the age of 3 months, when she 
suddenly began to cry a great deal, especially at night. She began to 
have attacks wherein she became completely stiff. Later she had 
convulsions of the entire body, during which her face was drawn to the 
left. Her physical examination showed slightly increased reflexes, 
underweight, unable to hold up her head, fixed pupils, pale optic nerves 
and a tendency to sleep much of the time. She seemed subnormal 
mentally. Laboratory examinations of the blood and spinal fluid were 
entirely negative. She was admitted to the hospital where she exhibited 
motor restlesness and a general intermittent rigidity of the musculature. 
On the second day in the hospital she exhibited a strabismus alternus 
and blindness. The ocular bulbs rotated downward. After cisternal 
puncture she collapsed, gradually recovered but then became progres- 
sively worse, went into a stupor and died. Gross examination of the 
brain revealed nothing other than a general softness which is found in 
a normal infant’s brain. Microscopically the changes in the brain 
could be divided into two categories: (1) Structural changes and (2) 
developmental changes. The first type was represented by peculiar 
necrotic areas spread diffusely throughout the frontal, parietal and 
occipital regions and through the caudate, putamen, palladium, thala- 
mus and pons. These were more pronounced in some places than in 
others, the whole producing a diffuse damage which tended to be more 
marked in some areas. The areas consisted of dilated capillaries, defi- 
nitely increased in numbers, from which numerous capillary buds were 
pringing, accompanied by a marked loss of ganglion cells; scattered 
among the capillaries in varying relations were astrocytes, microglia 
and fibroblasts. The latter were never frequent. In the younger 
areas the astrocytes were less numerous and the microglia relatively 
nore numerous. In the older foci the astrocytes were markedly 
increased in number. Gitter cells were infrequent, and often they were 
ibsent. The striking feature in the cellular reaction within these areas 

as the predominant participation of the neuroglia, with the microglia 
ssuming a relatively less important réle even in the younger areas. 
he mesodermal elements were active in the multiplication of capillaries, 
nd there was no diffuse deposit of connective tissue within the areas. 
‘he process was chiefly neuroglial with a minor participation of the 
esodermal structures. In many regions there was a diffuse cell loss 
the third lamina. The process was confined to the gray matter of 
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the cortex and subcortical areas, and in no instance did it spread over 
into the white substance. From this it was always sharply demarcated 
in areas involving the entire width of the cortex, or it was separated 
from the white substance, in some instances by a relatively intact 
lamina multiformis. There was demyelinization of the cortex, strio- 
pallidum and thalamus. The entire brain showed evidences of devel- 
opmental retardation. The entire subependymal region showed a layer 
of spongioblastic cells several layers thick and well demarcated from 
the underlying white matter. Scattered throughout the entire course 
of the frontal portion of the ventricle were foci of cells situated in the 
subependymal white matter or arranged around vessels. At the frontal 
pole of the ventricle was a large focus of giant cells. The entire white 
matter throughout the brain showed the presence of large numbers of 
immature ganglion cells, numerous astrocytes and a failure of oligo- 
dendroglia cells. The astrocytes were definitely hyperplastic—not 
typical adult fibrous astrocytes but immature juvenile forms with 
definite characteristics. In the white matter there was fat in abun- 
dance, spread diffusely or concentrated in foci. The axis cylinders 
were decreased in number in the white substance in many areas almost 
absent. In the parolfactory area there was a large focus of germinal 
cells, in the midst of which Was an eC] endymal-lined pocket, and over 
the frontal cortex was a pial vessel with localized intimal proliferation 
Many regions of the cortex showed a loss of cells in the lamina pyramid- 
alis. The author compares his case with 2 others reported in literature, 
pointing out in great detail wherein thes are similar and wherein they 
differ. He remarks that: “All 3 cases presented clinical pictures of 
Little’s disease with subnormal mentality, hyvperkinesias, choreo- 
athetotic movements and epileptiform convulsions.” 


Tumor of the Brain with Disturbance in Temperature Regulation. 
STRAUSS and GLOBI Ss Arch. Ni urol. and Psychiat., 1931, 25. 3 report 
in detail 3 cases of tumor of the brain. They present an interesting 
review of the experimental work that has been done in attempting to 
localize the center of heat regulation and note that it is rather unfor- 
tunate that there are few clinical and pathologic observations to 
support these conceptions. They add that on the other hand ample 
clinical material indicates that the hypothalmus and adjacent parts of 
the diencephalon contain nuclei that regulate many of the vegetative 
functions, such as centers for carbohydrate metabolism, water elimina- 
tion, protein metabolism, fat distribution, fat consumption, vasomotor 
function and the secretory activity of sweat and other glands. They 
further conclude, “If it is recognized that the production of heat is 
dependent on the carbohydrate, protein and fat metabolism, and that 
elimination of heat is procured through vasodilatation in the skin 
sweat secretion and elimination of fluids (urine and sweat), it becomes 
obvious that a heat regulating mechanism if it exists is likely to be 
located near centers that control functions essential for the maintenance 
of a balance between production and elimination of heat. This would 
seem to add weight to the belief that such a center has its location in or 
near the subthalamus.”” Each of the cases presented obvious difficult 
localizing problems and lacked convincing evidence of the presence of 
an expanding intracranial lesion. In Case 1 a diagnosis of cerebral 
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tumor was considered but the lack of objective signs and the misleading 
febrile course, with memory defect and somnolence as the only neu- 
rologic manifestations, made it almost impossible to reach a definite 
diagnosis. Necropsy revealed 3 tumor masses which were situated 
1) in ependymal wall of anterior horn of lateral ventricle continuous 
with a mass infiltrating the septum pellucidum; (2) involving the body 
of the corpus collosum; (3) in right hypothalmic region directly above 
the optie tract infiltrating the lateral walls and almost the entire floor 
of the third ventricle but most prominent in the region of the tuber 
cinereum and massa intermedia. In Case 2 a cerebral lesion was sus- 
pected, based on the changes in personality, somnolence, headache, 
temporal anomia, slight right hemiparesis and increased deep reflexes 
on the right side. The presence of a febrile course was noted but its 
localizing value not recognized. Autopss revealed 2 masses which 
were located respectively (1) in the third temporal convolution of the 
left hemisphere; Zz predominately in the right wall of the third ven- 


tricle occupying a large zone in the thalamus and subthalamus—the 
ubependymal zone of the third ventrical of the left wall also being 
involved. (‘ase 3+ Was diagnosed asa brain tumor probably located in 
the floor of the third ventricle. The diagnosis was based upon the 
changes in personality, slow progressive clinical course and a few 
objective signs. The significance of the febrile course was not re- 
cognized. Necrops revealed a tumor of the third ventricle attached 
to or arising from the optic chiasm. In each of the 3 Causes, a neoplasm 
the hy po- 


in the subthalamic region with variable involvement « 
thalamus and the thalamus was found. Because of the invasive char- 
acter of the tumor, no limitations to district nuclei could be established. 
The only interpretations drawn from the material was that “a lesion 
in the periventricular zone of the third ventricle and in the tuber 
cinereum caused a disturbance in the function of the heat regulating 


mechanism.” 
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The Effect In Vitro of Environment on the Virulence of B.C.G. 
Chere has been a continued discussion concerning the virulence of the 
Bb.C.G. as well as on the fixed character of the biologic properties of 

lis organism. Calmette has stoutly maintained the innocuity of the 
CG, for man and cattle. Others have found a varying virulence in 

perimental work with lower animals. It would appear that the 
ttenuation of the organism may be maintained as long as it is grown 

the bile-glycerin-potato medium. When, however, grown on other 
edia and selection of colonies made, a virulent strain can be obtained 
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from the original culture. SaAsano and MrEp.LAR (Am. Rev. Tuber., 1931, 
23, 215) confirmed the findings of the avirulence of the B.C.G. when 
constantly grown on the bile medium. They found, however, that 
occasionally small lesions were present in the spleen and liver. They 
then undertook to observe the organism when placed on a different 
medium. For this purpose they used Souton’s medium to which 10 per 
cent unheated rabbit serum was added. By a continued cultivation in 
this new environment they found that the organism showed virulence 
which increased with time and transplant. The same results were 
obtained in guinea pig and rabbit. From these results they conclude 
that it is possible to enhance the virulence of B.C.G. when grown in a 
suitable environment. Their method of deionstrating virulence dif- 
fered from that of Petroff, who established dissociation of B.C.G. with 
the dey elopment of virulent colonies. These experiments indicate that 
the B.C.G. culture is not of the nature of a fixed virus. 


Chronic Typhoid Cholecystitis. \laALtory and Lawson (Am. J. 
Path., 1931, 7, 71) have made a study of the gross and microscopic 
appearance of the gall bladders of 7 typhoid carriers. All of, these 
had common characteristics. The gall bladders were all within the 
normal limits of size. The walls were usually of normal thickness, 
though sometimes slightly thickened or thinned. The mucosa was rela- 
tively thickened in proportion to the other layers. There was no exu- 
date or congestion of the serous surfaces. The content of the gall 
bladders was pale mucoid fluid and in all cases but one gall stones 
were present. Microscopically an inflammatory infiltration was present 
in every instance, often confined to the mucosa and always most marked 
there. The cells consisted of lymphocytes and plasma cells, the former 
predominating. ‘The subepithelial capillaries were dilated and con- 
tained numerous polymorphonuclear leukocytes, and these were present 
in considerable numbers between the epithelial cells, apparently migrat- 
ing to the lumen. Hyperplastic lymph nodules were frequently seen 
in the walls. Cultures of the bile showed B. ts phosus in pure culture. 
These organisms could not be demonstrated in any of the layers of the 
wall. A review of 400 routine sections of chronic cholecystitis showed 
a similar lesion in 6.5 per cent of cases, while a review of the clinical 
histories showed that this picture had been found in 25 per cent of 
cases with positive histories and in only 4.9 per cent of cases with 
negative histories. The authors suggested that the lesion described 
was characteristic of chronic typhoidal cholecystitis but not pathog- 
nomonic of it, being a nonspecific reaction to persistent infection of 
the bile in contrast to the more usual type of chronic cholecystitis 
with sterile bile and persistent infection of the gall bladder wall. 


Renal Calcification and Bright’s Disease.— The diverse forms of eal- 
cification of the kidney being classified according to both topographic 
and pathogenic conceptions, Parrisst (Arch. di Patol. e Clin. Med., 
1930, 10, 104) takes into particular consideration the calcareous metas- 
tases, of which he discusses the significance and causes especially in 
connection with the recent experimental results. Modern biochemical 
researches which tend to demonstrate the importance of metabolic 
disturbances, especially of calcium metabolism in relation to renal 
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dysfunction, have led the author to investigate systematically the 
existence of calcareous deposits in 148 kidneys, which were affected by 
various types of kidney lesions. Forty-one of these kidneys demon- 
strated the presence of calcification of varied extent, which from the 
morphologic point of view, were distributed in the following manner: 
1) Caleareous crystals in cortical cysts, twice; (2) calcareous granules 
in hyaline glomeruli, three times; (3) calcareous deposits in glomeruli 
functioning although changed, three times; (4) calcareous deposits in 
the arterial walls, once; (5) calcareous casts in the lumina of the cortical 
or medullary tubules, thirty-five times. Calcareous deposits of the 
kidney were found with particular frequency in chronic glomerulo- 
nephritis (S out of 17), especially in the extracapillary form and in 
tubular nephritis (18 out of 43); primitive scleroses follow in a decreas- 
ing proportion (14 out of 58); and acute and subacute glomeruloneph- 
ritis (1 out of 10). They appear to be absent in all of the 20 cases of 
nephropathy other than Bright’s disease (renal tuberculosis, ete.). 
Having made a résumé of the recent knowledge on the calcium meta- 
holism of the blood and tissues, and on its mechanism of control, the 
author interprets the histologic findings obtained by the aid of the 
physiochemical findings. Having examined the reciprocal importance 
of the glomerulus and of the uriniferous tubule in the eliminacion and 
regulation of calcium, he concludes that the most significant endo- 
tubular calcification is the consequence of imperfect elimination of the 
calcium in the form of an unstable complex, arising from the tubular 
epithelium, and that for this reason it is more frequent in the field of 
tubular nephritis, which clinically presents hypocalcemia and albumin- 
uria. In Bright’s disease especially, the existence of calcareous casts 
in the uriniferous tubules would be, in consequence, symptomatic not 
only of a disturbance of calcium metabolism, but also of a condition 
of disease of the secreting tubular epithelium. 


A Comparison of the Inclusion Bodies of Fowl-pox and Molluscum 
Contagiosum.—In a comparative study, GoopPASTURE and WoopRUFF 
Im. J. Path., 1931, 7, 1) have found that the eytoplasmic inclusions 
f molluscum contagiosum could, like those of fowl-pox, be freed from 
e tissue by tryptie digestion. After digestion the molluscum bodies, 
nlike fowl-pox inclusions, were found to be sticky and gelatinous and 
erefore difficult of manipulation with microdissection apparatus. The 
elatinous matrix of the molluscum bodies had a markedly granular 
pearance due to the presence in it of myriads of Lipschiitz granules, 
nute coecoid structures 0.25 uw in diameter. These granules were 
entical in size, shape and staining reaction with the Borrel bodies of 
l-pox and like them were resistant to the action of trypsin. Fowl- 
inclusions showed marked swelling when placed in distilled water, 

le those of molluscum showed little or no swelling under these con- 
ons, due probably to differences in the permeability of their mem- 
nes. Trituration of the molluscum inclusions readily broke them 
nto the component Lipschiitz granules. On the other hand, similar 
tment of fowl-pox inclusions failed to disintegrate them so readily 
Borrel bodies. The authors believed that this difference in the 
tion of fowl-pox and molluscum inclusions to trituration might 

d an explanation of the relatively greater filtrability of the latter. 
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Fowl-pox and molluscum contagiosum were apparently specific for 
fowls and man respectively since cross-inoculation experiments proved 
unsuccessful. Attempts to transfer molluscum to monkeys and other 
laboratory animals also failed. 

Infectious Cirrhosis. Irom a study of 65 cases of “biliary cirrhosis” 
MecManon (.tm. J. Path., 1931, 7, 77) has described the clinical and 
pathologic picture of uncomplicated infectious cirrhosis which was found 
in 5 cases and has contrasted it with that of obstructive cirrhosis. Infec- 
tious cirrhosis was found to be due to an infection within the terminal 
bile ducts which invaded the adjoining lobule, the picture being that of 
an acute inflammation within the portal areas. Infiltrations of poly- 
morphonuclear leukocytes and endothelial cells were found in the sur- 
rounding portions of the liver lobules as well as in the bile ducts them- 
selves. Later in the reaction endothelial cells predominated and healing 
took place by fibrosis accompanied by proliferation of bile duct epi- 
thelium. In the early stages the liver was normal in size; in the chronic 
and healing stages it was enlarged while the healed stage was charac- 
terized by a contraction of fibrous tissue so that the liver returned to 
about normal size. In long standing and healed cases of infectious 
cirrhosis the signs of a severe degree of obstruction to the portal eircu- 
lation, C. Qe, esophageal! varices, large spleen and ascites were found 
signs which were lacking in the cases of the obstructive type. 
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Significance of Positive Wassermann and Kahn Reactions in Leprosy. 
—In dealing with leprosy one frequently is confronted with the question 
whether a given case has syphilis as a complication. The diagnosis of 
syphilis in nonlepers is not always simple, but in lepers it is in many 
instances extremely difficult. The history obtained in many cases is 
unreliable; and due to the similarity of some of the manifestations of 
the two diseases, the diagnosis on clinical findings alone may be impos- 
sible. What significance, then, can be placed upon the usual serologic 
tests? BapnGer (U.S. Pub. Health Rep., 1931, 46, 957) undertook the 
present study to obtain, if possible, further evidence as to the signifi- 
cance of positive serum reactions in leprosy. The Wassermann and 
Kahn tests are made with the sera of all patients entering the Kalihi 
Hospital, Leprosy Investigation Station, Honolulu, and this report is 
based on the findings of these tests with the sera of 207 patients over 
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10 vears of age. There occurred an abnormally high incidence of posi- 
tive serum reactions in the cases studied. The positive reactions 
oceurred nearly twice as frequently among the females as the males 
The positive reactions were more frequent among the patients under 
than those over 20 vears of age. Positive reactions were three times 
as frequent among the lepers as among a control group. Definite 
changes in the serum reactions correlated with changes in the clinical 
manifestations of the leprosy were observed. 


Natural Disappearance of Malaria in Certain Regions of Europe. 
Hackett and Misstrout (.4m. J. Hyg., 1931, 18, 57) state that areas 
in Which malaria has spontaneously disappeared in southern Europe 
are characterized by the production of A. maculipennis in vast numbers 
and by the fact that they are no longer even potentially malarious, so 
that the casual or continual introduction of gametocyte carriers does 
not reéstablish the endemic. Such areas are usually well-defined zones 
in the heart of malarious regions and differ in this respect from that 
extensive borderland at the northern limit of malaria distribution from 
which benign tertian malaria seems to have been gradually receding in 
the course of the last century The disappearance of malaria from 
regions of “anophelism without malaria” has been attributed to the 
development of an immunity to infection in the local anophelines; or 
to the elimination of gametocytes through the effective treatment or 
enhanced natural resistance of a prospering community; or to an 
effective interruption of the contact between anophelines and man 
The authors have repeated] shown, however, that anophelines from 
nonmalarious regions are infected by suitable carriers in the same pro- 
portion as those from malarious regions. There has never been reported 
a successful attempt to reduce gametocytes in a malarious population, 
by treatment or otherwise, to such a point that transmission can no 
longer take place in the presence of a sufficient number of anophelines. 
\n illustration of this is the campaign at Torpé (Sardinia) where 3 vears 
of intensive quininization have failed to reduce the high imcidence of 
malaria. On the other hand, following an unusual invasion of anopheline 
mosquitoe s, the rapid development of severe epidemics of malaria in 
communities where autochthonous malaria has not existed for years, 
or has never existed, shows that sources of infection are never absent 
in nonmalarious areas when these are located in a generally malarious 
region. An exact determination of the sources of blood meals of anophe- 
lines captured in Massarosa and many other typical examples of ‘‘an- 
ophelism without malaria’ show that the attractiveness of domestic 
unimals for A. maculipennis in such regions is at least fifty times that 
observed in the malarious regions studied, and that the consequent 
dissociation of Anopheles from man is a sufficient explanation of the 
cessation of malaria transmission. The causes of this dissociation have 
heen studied experimentally in an isolated farmhouse in Massarosa. 
lhe results show that the type of shelter in which a food supply for 
\. maculipennis is available has little influence on its behavior, but 
that its movements and food preferences are largely b ‘termined bs an 
instinctive attraction (tropism) toward the species of animal on which 

habitually feeds. This attraction appears to be exerted through an 
lor of the animal or animals in question. It appears that A. maculi- 
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pennis show little tendency to return to the same quarters where they 
have previously obtained food, and that they are not immobilized for 
long by the presence of an abundant source of nutrition or diverted 
from an accustomed food supply by the comfort of an ideal shelter. 
In short, given a very large production of A. maculipennis with the 
presence of continuously stabled domestic animals in sufficient numbers 
to provide an unlimited food supply, there may be obtained in a given 
area, as a result of more prolific breeding over a period of vears, a pre- 
ponderant strain of zoéphilic mosquitoes which are attracted strongly 
by the odor of domestic animals but not by that of man. This pre- 
ponderance will eventually reach a point where man is bitten so infre- 
quently as to render the transmission of malaria virtually impossible, 


The Stillbirth Problem in the United States.—Sreruine (Pub. 
Health Rep., 1931, 46, 207) describes this subject briefly and presents 
the following summary: In the United States the stillbirth problem 
is one of greater magnitude than that of neonatal death. While the 
decline in the neonatal death rate is slight, the stillbirth rate apparently 
shows no decline at all, the curve being practically a straight line. What 
effect, if any, more complete reporting of stillbirths would have on 
this curve cannot be estimated. Most prominent among the known 
causes of stillbirths are the complications of labor, syphilis and the 
toxemias of pregnancy. In the 7-year period from 1922 to 1928 the 
stillbirths from the toxemias of pregnancy have risen slightly, those 


from the complications of labor have fallen only very slightly, and 
those from syphilis do not appear to have changes significantly. For 
the prevention of stillbirths we must have better obstetrics and mid- 
wifery; more careful medical examinations during the last month of 
pregnancy; thorough treatment of the syphilitic pregnant woman; med- 
ical supervision during pregnancy; and more research into the toxemias 
of pregnancy and the fundamental causes underlying fetal death. 
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